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NI-BASED SINGLE CRYSTAL SUPERALLOY 
[0001] This application is a continue-in-part a 
1 ither co-pending patent application with Ser. No. 10,796, 
i, titled "Capacitor Coupling Circuits", filed Mar. 9, 2004. 



DESCRIPTION 



■BACKGROUND OF THE IN 



noN 



£ application provides more 
: floating gate devices dis- 



[0002] Th\present invention relates id integrated circuit 
(IC) devices/Sand more particularly to/high density non- 
volatile memory devices. 
[0003] Most part of previous co-peflding application (Ser. 
No. 10,796,318) disclosed applications of capacitor cou- 
pling circuits. In addition, FIGS. f(e-g) of previous appli- 
cation disclosed current mode operations of floating gate 
transistors. The floatingNgate transistors were arranged in a 
configuration that rotateckthe ward line and bit line direc- 
tions by 90 degrees relative toithe word line and bit line 
directions of prior art NOR^L^SH devices. Adding FIGS. 
ll(a-/) and FIGS. 12(a-f), f 
examples for the current mo 
closed in the co-pending appp. 
[0004] The present invention Vtilizes the voltage 
trolled capacitor (VCC)/of m\tal-oxide-semiconductor 
(MOS) devices to support circuit Operations. To facilitate 
better understanding of |he present\invention, the voltage 
dependence of MOS capacitor is first discussed. FIG. 1(a) 
illustrates the structure/of a typical MOS capacitor, where a 
conductor layer (M) \i separated from <ii semiconductor (S) 
layer by an insulator/0) thin film layer. The conductor layer 
(M) can be a meta/ layer or another semiconductor layer. 
Typical examples/of the insulator layer (O) are silicon 
dioxide (oxide), /silicon nitride (nitride), Combination of 
oxide-nitride (ON) layers, or oxide-nitrideroxide (ONO) 
layers. The moslt popular semiconductor used Hp IC industry 
is certainly silicon. Dependent on the voltage\bias condi- 
tions, there maybe a depletion region (D) inj the semicon- 
ductor laye/ [S). The equivalent capacitancfc (Ct) of the 
MOS deviate in FIG. 1(a) equals the equivalent capacitor of 
insulator ACo) in series with the capacitorj (Cs) of the 
semiconductor depletion layer as shown in the simplified 
schematic diagram in FIG. 1(b), and we have 



dt=(Cs*Co)l(Cs+Co) 
" ■s-llej m q(x)xdx 
-Qs/Vs 



Where A is area of the device, e Q is the equivalent 
.ric constant of the insulator layer (O), es; is the 
uiwyJric constant of the semiconductor (S), VsVis the 
voltage drop in semiconductor depletion region (D), I^is a 
synibol means integration, x is the location measured^rom 
the/ interface between oxide and semiconductor, q(x) isVie 
electrical charge in depletion region at location x, and Qs 
total electrical charge in semiconductor depletion regjorf 
le space charge q(x) is a function of doping profile created 
uring semiconductor manufacture procedures. For the sim- 
plified case when the doping profile is a constant with value 
.Js, we have Vs=(Ns*Xd 2 /2e s ), Qs=Ns AXd, and Cs=2e s A/ 
Xd, where Xd is the thickness of the semiconductor deple- 
layer (D). FIG. 1(a) shows the value of capacitor seen 



from the semiconductor substrate (Ct) as a function of bias 
voltage (v). When the MOS device bias voltage (v) is lower 
than accumulation threshold voltage (Vta), the oxide-si 
r interface is in the accumulation condition, 
a deletion region in the semiconductor sc 
have Ct=Os). When the bias voltage is between Vta^nd the 
inversion threshold voltage (Vti), the MOS device /s biased 
into depletionVondition, Ct decreases with increasing Xd as 
shown in FIG\l(f>). When the MOS device is hfiased into 
inversion condition (v>Vti), an inversion layer ik formed at 
the oxide-semiconductor interface so that the depletion 
region no longer cBange with bias voltage. Uncfcr inversion 
conditions, we have ta=Ci=Cdmin*Co/(CdmiiA-Co), where 
Ci is the capacitanceW the device at inversion condition, 
and Cdmin is the capacitance of the depletion legion under 
inversion condition. A\ inversion condition, /~ 
minimum value as sho&n in FIG. 1(b). The/above condi- 
tions assumed that the Semiconductor subsffate is p-type. 
For n-type substrate, the polarities of voltages are inverted. 
Formation of inversion layer requires suriply of minority 
charge carrier, which takes Vime to reach /tead state condi- 
tion. Therefore, Ct at inversion condition/maybe a function 
of frequency, transient time-, and availability of minority 
carriers. The effective capacitance at inversion condition 
also maybe different when it is* measured from the conductor 
(M) versus measured from the semiconductor node (S) 
because of the inversion layer.} Furthef details of the above 
device properties can be foundiin seniiconductor text books 
such as "Semiconductor Devices" authored by S. M. Sze. 
The key factors utilized by the present invention is that the 
effective capacitance of an MOS device is much higher at 
accumulation condition than theWpacitance at depletion or 
inversion conditions as shown in*TG. 1(6). In the ways the 
present invention uses MOS capacitor, it behaves like a 
capacitor and a diode connected; ib series. That is why the 
symbol in FIG. 1(c) is used /s the symbol for an MOS 
capacitor with p-type semiconducto\substrate, and the sym- 
bol in FIG. 1(d) is used to rep/esent im MOS capacitor with 
n-type semiconductor substrate. 
[0006] FIG. 2(a) shows the structure\for a floating gate 
capacitor. A conductor layer (G) is separated from a floating 
conductor layer (FG) by a' floating gate insVlator layer (0^. 
This floating gate (FG) is separated from the\semiconductor 
substrate (S) by the gat^ insulator layer (oJkThe floating 
gate (FG) is surrounded by insulators so that itx^an trap and 
store electrical charges. The trapped charges si 
floating gate are callecl floating gate charge (Qf). Dependent 
on the bias voltage afad Qf, there maybe a depletionVegion 
(D) in the semiconductor layer. The equivalent capactti 
of the floating gate/ device (Ctf) is the series capacitance 
the floating gate insulator (Cf), the capacitance of the gati 
insulator (Cg) afidthe capacitance of the semiconductor 
depletion area (Ed) as shown in the schematic diagram in\ 
FIG. 2(b). Wefiave 




:d)/(.crcg+cf>cd+cg*a{) 



(6), 

00, 



[CI007] , Where A is the area of the device, e c is the equiva- 
lent dielectric constant of the floating gate insulator layer 
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(0^, e g is the dielectric constant of the gate insulator layer 
(Og), Vd is the voltage drop in semiconductor depletion 
n (D), x is the location measured from the interface 
between oxide and semiconductor, q(x) is the electrical 
charge mdepletion region at location x, and Qd is the total 
electricalcharge in semiconductor depletion region that is a 
function of\toping profile created during semiconductor 
manufacture procedures. If there is no charge stored in the 
floating gate (FGJ>ie. when Qf=0, the device in FIG. 2(a) 
behaves in the sameNways as a MOS device in FIG. 1(a) 
with an equivalent gate\apacitance Ce=[(Cf*Cg)/(Cf+Cg)]. 
Its capacitance-voltage (C\V) relationship is shown as the 
first line in FIG. 2(b). If tnere are electrical charges (Qf) 
trapped in the floating gate (FG\ the C- V relationship would 
be shifted by a voltage Vf=(QfX£) as the second line in 
FIG. 2(b), where Cif is the capacitance for the floating gate 
device under inversion condition. The trapped charge Qf 
also changes the accumulation thresholdsyoltages from Vta 
to Vta', and changes the inversion thresholaNvoltage from Vti 
to Vti' by the same amplitude Vf, as shown inFJG. 2(b). The 
charge stored in the floating gate (Qf) can beNshanged by 
similar methods used in prior art erasable programmable 
read only memory (EPROM) devices. For example\elec- 
trons can be pulled into the floating gate by appl)' 
positive high voltage between gate and substrate. Anot 
common method is to utilize hot electron effects. Electron^ 
can be pulled out of the floating gate by reversing the voltage 
polarity. In the ways the present invention uses floating gate 
capacitor, it behaves like two capacitors and a diode 
nected in series. That is why the symbol in FIG. 2(c) is used 
as the symbol for a floating gate capacitor with p-type 
semiconductor substrate, and the symbol in FIG. 2(d) is 
used to represent a floating gate capacitor with n-type 
semiconductor substrate. 

[0008] The present invention was originally developed to , 
reduce the area of programmable logic array (PLA) devices' 
by reducing the size of the minterms in PLA. Prior art PLA's 
use transistors to support desired operations while 'the 
present invention uses capacitors to replace transistors to 
reduce cost and power of PLA. This invention also rnakes it 
practical to make three dimensional devices. After further 
details of the present invention were developed, it was 
realized that similar structures of the present invention can 
support other applications including but not limited to field 
programmable logic (FPG) devices, different types of logic 
circuits, comparators, parity calculation, or nonvolatile 
memory devices. The cost and power consumption for all 
those devices will be reduced dramatically by the present 
invention. 

SUMMARY OF/THE INVENTION 
[0009] The primary objective of this invention is, there- 
fore, to reduce the area of non-volatile memory devices. 
Another objective of .this invention is to simplify the manu- 
facture procedures for non-volatile memory devices. These 
and other objectives are accomplished by rearranging the 
word line and bit line directions relative to that of prior art 
NOR FLASH'devices. 

[0010] While the novel features of the invention are set 
forth with particularly in the appended claims, the invention, 
both as to organization and content, will be better under- 
stoocfand appreciated, along with other objects and features 
thereof, from the following detailed description taken in 
conjunction with the drawing. 



BRIEF DESCRIPTION OF THE DRAWINGS' 
[0011] FIG. 1(a) shows the structure of an^MOS capaci- 

[0012] FIG. 1(b) shows the capacitance-voltage (C-V) 
relationship of the device in FIG. 1(a); / 
[0013] FIG. 1(c) is the schematic syhibol used to repre- 
sent a MOS capacitor with p-type substrate; 
[0014] FIG. 1(d) is the schema^ symbol used to repre- 
sent a MOS capacitor with n-typ/ substrate; 
[0015] FIG. 2(a) shows the/structure of a floating gate 
capacitor; f 

[0016] FIG. 2(b) shows the C-V relationship of the device 
in FIG. 2(a); / 

[0017] FIG. 2(c) is the schematic symbol used to repre- 
sent a floating gate c^acitor with p-type substrate; 
[0018] FIG. 2(dJ& the schematic symbol used to repre- 
sent a floating gate capacitor with n-type substrate; 
[0019] FIG. 3(a) is a schematic diagram for a minterm of 
a prior art PLA circuit; 

[0020] FIG. 3(b) shows operation waveforms of a prior art 
PLA circuM 

\J0021] yFIG. 4(a) is the schematic diagram for a capacitor 
LA minterm of the present invention that provides the same 
: function as the circuit shown in FIG. 3(a); 
[00221 FIG. 4(b) shows the physical structure for the 
capacitor coupling circuit in FIG. 4(a); 
/[0023] FIG. 4(c) shows structures of a 3D capacitor 
coupling circuits of the present invention; 
[0024] FlG^Md) shows operation waveforms of the cir- 
cuit in FIG. 4(a); 

[0025] FIG. 4(e)s illustrates an application of the present 
invention as optical sensors; 

[0026] FIG. 5(a) is the schematic diagram for a program- 
mable PLA minterm o^£ the present invention that c 
provide the same logic functi 
3(a); 

[0027] FIG. S(b) shows t\e physical structure for the 
coupling circuit in FIG. 5(a);\ 

[0028] FIG. 5(c) shows structures of a 3D programmable 
coupling circuit; 
[0029] FIG. 5(d) shows operatioV waveforms of the cir- 
cuit in FIG. 5(a); 
[0030] FIG. 5(e) shows the physicalVucture for a cou- 
pling circuit of the present invention equffeped with NAND 
operation capability; 

[0031] FIG. 5(f) shows structures of a 3D stricture for the 
device in FIG. 5(e); 

[0032] FIGS. 6(a-g) illustrate the manufacture p 
for floating gate coupling circuits (FGCC) of the present 
invention; 

[0033] FIGS. ~l(a-f) show an alternative manufacture pro- 
cedure for FGCC of the present invention; 



n as the circuit shown in FIG. 
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J0034] FIGS. S(a-f) show another manufacture procedure 
fbr FGCC of the present invention; 

[00S5] FIG. 9(a) is a schematic diagram for an array of 
floatidg gate capacitors of the present invention performing 
as a stonige device; 

[0036] FUSS. 9(b-d) illustrate the operation waveforms for 
the device in TUG. 9(a); 

[0037] FIG. 9(fci is a schematic diagram for an array of 
floating gate transistors of the present invention; 
[0038] FIG. 9(f) shows the structural top view for the 
device in FIG. 9(e); \ 

[0039] FIG. 9(g) shows the top view of prior art NOR 
FLASH device; \ 

[0040] FIG. 10 is a block diagram for yield enhancement 
methods of the present invention; \ 
[0041] FIGS. VL(a-f) illustrate one example of the manu- 
facture procedures for floating gate devices of the present 
invention; and \ 
[0042] FIGS. 12(a-f) illustrate another example of the 
manufacture procedures for floating gate devices of the 
present invention. \ 

DETAILED DESCRIPTION OF THE\ 
INVENTION \ 

[0043] Typical structures of prior art PLA minterm arfe first 
discussed to facilitate understanding of the present inden- 
tion. FIG. 3(a) is the schematic diagram for a prior art PLA 
minterm. A plurality of PLA input signals (I 0 , I„ . . . h-i\f 
I- +1 , . . . ) and their corresponding complemented sigmA 
(I# 0 , I#„ . . . »,_,, I# j; I# j+1 , . . . ) are selectively conne/ed^ 
to the gates of a plurality of pull-down transistors (M/ M lt 
. . . , Mj, M jV1 , . . . ). The sources of those transistors' are all 
connected to ground, while their drains are all connected to 
a minterm output line (Nm) that is connected to a/pre-charge 
circuit (301) and a sensing circuit (303). Detailed designs for 
the pre-charge circuit and the sensing circuit a/e well-known 
to the art of IC circuit design. FIG. 3(a) i&ows a simple 
example of a pre-charge circuit that comprises one p-chan- 
nel transistor. The source of the transistor is connected to 
pre-charge voltage (PCGV), its gate i& connected to pre- 
charge control signal PG#, and its drain is connected to Nm. 
Details of the sensing circuit (303) jfre not shown. The gates 
of those transistors (M 0 , M 1; . / . , Mj, M j+1 , . . . ) are 
connected to one of the inputs or complemented inputs. 
Sometimes a pair of inputysignal (l i _ 1 and in this 
example) are not connected/fo any transistor; that means this 
unconnected input pair is'not related to the logic operation 
of this particular minterm. FIG. 3(b) is a simplified illus- 
tration for operation yfraveforms of the PLA mintermin in 
FIG. 3(a). Before tj&e Tl, the PLA is at idle state, and the 
pre-charge contra/signal PG# is low so that the minterm 
output signal Ne& is charged to voltage PCGV. When the 
prior art PLAi/at idle state, all the transistors in the minterm 
are deactivated by setting all input signals (I 0 , l v . . . Ij_ a , Ij, 
I j4 .i, ■■■ ,f 0 , ■ ■ • I#j-i> I # j-n> • • ■ ) t0 low - To start 
a logic calculation at time Tl, the pre-charge circuit (301) is 
turned off by pulling PG# high, and the input signals (I 0) l lt 
■ ■ • hfi' l i> • • • ' I# V • ■ • W i-i> I# W • • • ) are 
set to^heir corresponding logic states, and the sensing circuit 
(3JB) detects the desired results of the connected input 



signals. For example, a logic state '1' on input 0 is repre/ 
sented by maintaining I# 0 at ground voltage (Vss) while 
pulling I 0 up to power supply voltage (Vdd); a logic state*" 0' 
on input 0 is represented by maintaining I 0 at Vss/while 
pulling I# 0 up to Vdd. At time T2, all the inputs return to low 
while PG# is also pulled low, then the circuit retifrns to idle 
state. Another cycle is started at time T3 for>mother set of 
input signals, and returns to idle state at T4/For the example 
in FIG. 3(a), the logic state on the Nm Krffc will be the NOR 
of connected input signals (I 0 , . . . L^, . . . , W lt ■ ■ • I#j, • 
. . ) during the evaluation cycles. In'other words, if any one 
of the connected input signals (l^f. . . L^, . . . , ■ ■ . I#j, 
. . . ) is high, the output line Nnnvill be low as shown in the 
first cycle in the example^ FIG. 3(b); when all the 
connected input signals araflow, the output line Nm remains 
high as the second cycleifi FIG. 3(b). Using a large number 
of minterms with desire© combinations of connections to the 
input signals, a prionfirt PLA can execute large fan-in logic 
calculations at higbr speed with excellent flexibility. 

[0044] The ahove prior art circuits use MOS devices as 
three terminalifansistors working as current sinks to support 
logic operates. The present invention uses MOS devices as 
two terminal voltage controlled capacitor (VCC), and uses 
voltage coupling effects to support logic operations. FIG. 
4(a) shews the schematic diagram for a PLA minterm of the 
presem invention that has the same logic function as the 
priqArt minterm in FIG. 3(a). The PLA input signals (I 0 , l lt 
■ !j» Ij+i' • • • ) and tneir complemented input signals 

ffl* 0 , T# n , • • • I*,.!, I#j, I# j+ i, ■ • • ) are selectively connected 

/to the negative terminals of MOS capacitors (C 0 , C x , . . . , 
Cj, C j+1 , . . . ). For this example, the particular input 
connections in FIG. 4(a) provides identical logic function as 
the prior art example in FIG. 3(a). The positive terminals of 
those capacitors are all connected to an output line (Nc) that 
is connected to a pre-charge circuit (401) and a sensing 

\ircuit (403). Detailed structures for the pre-charge circuit 
arM the sensing circuit are well-known to the art of IC circuit 
desW The example in FIG. 4(a) uses the same pre-charge 
circuital) as the example (301) in FIG. 3(a). Details of 
the sensfflg circuit (403) are not shown because they are well 
known to the art of IC design. FIG. 4(d) illustrates the 
operation waveforms for the PLA mintermin in FIG. 4(a). 
Before time TOhe PLA is at idle state, and the pre-charge 
control signal PG^s low so that the output signal Nc is 
charged to voltage PCGV. At idle state, all the input signals 

(I 0 , Ij, . . . Ij.j, Ij, I j+li X . , I# 0 , I#!, • ■ ■ I# M , I#j, • 

. . ) are set at a voltage Sailed idle state voltage (Vh) as 
shown in FIG. 4(d). At idle\state voltage Vh, the MOS 
capacitors are biased into deplefem conditions or inversion 
conditions, so that their couplingsxapacitances to Nc are 
small. To start a logic calculation afVme Tl, the pre-charge 
circuit (401) is turned off by pulling P§# high, and the input 
signals (I 0 , I„ . . . Ij.j, Ij, I j+1 , . . ■ , I#\I#a, ■ • • 

. . . ) are set to their correspondirV logic states. For 
example, a logic state '1' on input 0 is represented by 
maintaining I# 0 at Vh while pulling I 0 doVn to activation 
voltage (Va); a logic state '0' on input 0 isYepresented by 
maintaining I 0 at Vh while pulling I# 0 do\^n to Va. The 
activation voltage Va is a voltage below Xccumulation 
threshold voltage (Vta) of the MOS capacitors.W time T2, 
all the inputs return to Vh while PG# is also pulleVl low, then 
the circuit returns to idle state. Another cycle is started at 
time T3 for another set of input signals, and return to idle 
state at T4. Under these conditions, if any one of the 
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connected input signals (I 0 , . . . .... l# 13 ... I#j, ■ • • 

) isVT, due to capacitor coupling effects, a voltage (Vo) 
wouKKbe coupled to the output line Nc as shown in the first 
cycle bWeen Tl and T2 in FIG. 4(d). If none of the 
connected\nput signals (I 0 , . . . I j+1 , . . . , . • • I#j, ■ ■ ■ 
) is '1', no\oltage is coupled into the output line Nc as 
shown in the second cycle between T3 and T4 in FIG. 4(d). 
The amplitude oMie coupling voltage (Vo) can be written as 
Vo=(V/a-lfc)CinV (12), 
[0045] where Cin \ the value of capacitance on all the 
connected inputs that ale switched to voltage Va, and Cp is 
the total capacitance onVhe output line Nc. The sensing 
circuit (403) is designed toNsense the coupling voltage Vo to 
provide desired output. AltWigh we can use current art 
small signal sensing circuit to \etect voltage changes as low 
as a few mini-volts, it is desirableUo maximize the amplitude 
of the signal voltage Vo for reliable operations. The wave- 
forms shown in FIG. 4(d) are simWied ideal waveform. 
There are noises on Nc for practical circuits. In order to 
maximize signal to noise ratio, we viunt to increase the 
(Cin/Cp) ratio as much as possible. Besides parasitic capaci- 
tance, the major contribution to Cp is theVital capacitance 
of the MOS capacitors connected to inputs that are remain- 
ing at voltage Vh. That is why we select v\at a voltage 
within depletion or inversion conditions to minimize idle 
state capacitor value, while select Va at a voltage within 
accumulation condition to maximize active state aapacitor 

[0046] FIG. 4(b) is a cross-section diagram showingVthe i 
physical structures of the input circuits (408) in FIG. 4k$J 
The input signals (I 0 , Ij, . . . Ij_j, \, I j+ i, ■ ■ ■ , I# 0 , I#i, -A. 
I#, lt I#., I*.^, . . . ) in FIG. 4(a) are conductor lines (421,> 
423) in FIG. 4(b). The output note Nc in FIG. 4(ays an 
p-type semiconductor substrate (427) in FIG. 4(bl. This 
substrate (427) can be a poly semiconductor larer or a 
diffusion area in single crystal substrate. If anymput line 
(421) is separated from the substrate (427) by thpc insulator 
layer (428), then that input line (421) doe/ not have a 
connection to the substrate. If an input line (4Z3) is separated 
from the substrate (427) by a thin msulatorjffayer (429), then 
that input line is connected to the substrate through an MOS 
capacitor. In this way, the structure sfiown in FIG. 4(b) 
supports the same function as the inpjft circuit (408) shown 
in FIG. 1(a). / 
[0047] The present invention usaS capacitors to replace the 
function of transistors to achieve smaller area. Smaller 
signal to noise ratio is the imajor disadvantage for this 
invention; this disadvantage/Isually can be overcome with 
proper design on the sensing circuit. A major advantage for 
the coupling circuit of the^resent invention is that we do not 
need to use single crystal semiconductor as the substrate. 
Transistors must be />uilt on high quality single crystal 
semiconductor subsjfate, while IC industry is fully capable 
of growing high quality insulator on lower quality semicon- 
ductor layers, arch as poly silicon layers. It is therefore 
practical to bum input circuits of the present invention on 
lower quality' substrates. FIG. 4(c) shows the cross-section 
view of a^hree-dimensional (3D) device of the present 
inventio^ using poly semiconductor substrates. In this 
example^ there are two layers of poly semiconductor sub- 
strate/ (431, 491). Conductor lines (433, 435) are placed on 
topfaf one poly substrate (431) to form coupling circuits of 
}He present invention similar to the structure shown in FIG. 



4(b). Another set of conductor lines (493, 495) are placed on 
top of another poly substrate (491) to form simM coupling 
circuits of the present invention. On the Single crystal 
semiconductor substrate (481) we still canrhave prior art 
transistors (483, 485) sharing the sameXrea as coupling 
circuits of the present invention. Typicjff n-channel transis- 
tors (483) and p-channel transistorarin n-well (487) are 
shown in the example in FIG. 4(c)^oupling circuits of the 
present invention also can be plated on the single crystal 
substrate (not shown in this figure). Such 3D device can 
achieve device density many Junes higher than prior art IC. 

[0048] We uses an application on PLA minterm in the 
above examples, while jmnilar circuits can support other 
applications such asifogic gates, comparators, storage 
devices, etc. Specific/applications should not limit the scope 
of the present invention. FIG. 4(e) shows an application of 
the present invention as optical sensor. In this example, 
MOS capacitorsf^re formed between input lines (451) and 
p-type semiconductor substrate (453). These MOS capaci- 
tors are upsifle down comparing to those in FIG. 4(b). At 
idle states/the voltages on input lines (451) set all capacitors 
into depletion conditions so that there are depletion regions 
(455) dear each MOS capacitors. When the substrate (453) 
is ilhtainated by light (457), electron-hole (e-h) pairs (459) 
are/generated by light bombardment, while some of the 
electrons will drift to the depletion regions (455) and get 
^trapped near the insulator-semiconductor interface (450). 
The amount of such trapped charges (450) is proportional to 
the light intensity shone near the capacitor. When this optical 
sensor in FIG. 4(e) is connected to pre-charge circuits and 
sensing circuits similar to those in FIG. 4(a), we can switch 
one input line at a time using electrical signals similar to 
.those in FIG. 4(d). The amplitude of the resulting coupling 
Voltage Vo detected on the substrate is related to the amount 
omrapped charges (450) so that it provides a method to 
measure light intensity at different locations. 

[0049\ While specific embodiments of the invention have 
been illustrated and described herein, it is realized that other 
modifications and changes will occur to those skilled in the 
art. For example, the examples in FIGS. 4(a-e) use MOS 
capacitors on p-type semiconductor substrate while MOS 
capacitors on n-tfee semiconductor substrate also can pro- 
vide equivalent functions as soon as the polarities of volt- 
ages are inverted. We certainly can use a combination of 
both types of capacitorsJo support similar operations. In the 
above examples, the inp\t lines are connected to the con- 
ductor lines while the ouWit lines are connected to the 
semiconductor substrate. We Vrtainly can swap the connec- 
tion method by using semiconductor substrates as input lines 
while conductor lines as output Ws. The above examples 
showed simplified cross-section diagrams for IC implemen- 
tation. The detailed physical structureWan be implemented 
in wide varieties of structures. The 3D dVice of the present 
invention can have many layers of couplirig, devices sharing 
the same area with prior art devices. \ 

[0050] The logic functions of the capacitor feupling cir- 
cuits shown in FIGS. 4(a-d) are defined by the cdnnections 
between input signals and MOS capacitors. Once the^circuits 
have been manufactured, their logic functions can'toot be 
changed. To provide further flexibility, we can replace the 
MOS capacitors by floating gate capacitors to support pro- 
grammable operations. 
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t[0051] FIG. 5(a) shows the schematic diagram for a 
Vrogrammable coupling circuit of the present invention that 
c\n be programmed to support different operations using the 
sarne device. As an example, we can use the device in FIG. 
5(a)No support the same logic function as the prior art 
minterflvin FIG. 3(a). The PLA input signals (I 0 , Ij, . . . 
I . Ij+i. -\. ) are connected to the negative terminals of 
floating gateVipacitors (F 0 , F u . . . , F hl , F j5 F j+J , . . . ), and 
their complemented input signals (I# 0 , l# v . . . Wj.j, I#j, 

. . . ) are ato connected to the negative terminals of 
other floating gateVcapacitors (F# 0 , F# lt . . . , F*^, F#j, 
F# j+1 , . . . ). The positive terminals of those floating gate 
capacitors are all connected to an output line (Nf) that is 
connected to a pre-chargeNrircuit (501) and a sensing circuit 
(503). Detailed structures far the pre-charge circuit and the 
sensing circuit are well-knowtko the art of IC circuit design. 
The example in FIG. 5(a) uses\he same pre-charge circuit 
(501) as the example (301) in K{G. 3(a). Details of the 
sensing circuit (503) are not showfl^ecause they are well 
known to the art of IC design. \ 
[0052] As discussed previously, storingStfiarge Qf into the 
floating gate will shift the threshold voltagV (Vti, Vta) of a 
floating gate capacitor by a voltage Vf=Qf/C\ where Cg is 
the gate capacitance described in Eq. (8). Therefore, we can 
"disconnect" a floating gate capacitor (FGC) wSrti p-type 
substrate by injecting enough electrons into its floating gate 
causing enough shift in Vta so that it always siws in 
depletion or inversion condition for all operation voltages. 
Similarly, we can "connect" an FGC by pulling electrons o\i 
of its floating gate so that its Vta falls within operation^ 
ranges. According to prior art EPROM terminology, suafi 
disconnecting procedure is called "programming" procedure 
while the connecting procedure is called "erasing" jffoce- 
dure. / 
[0053] Using the floating gate coupling circuit 0FGCC) in 
FIG. 5(a) as an example, we can configure it toisupport the 
same function as the capacitor coupling circuifin FIG. 4(a) 
by the following procedures: / 
[0054] (l)Program the devices (F# 0 , Fl. . . , F hl , F m _ u 
F#j, F j+1 , . . . ) with disconnected input^(I# 0 , Ij, . . . , Ij_ a , 

I#j, I j+J , . . . ) in FIG. 4(a). For example, this procedure 
can be executed by setting those inpufs (I# 0 , l u ■ ■ ■ , Ij_i, I#j, 
L +1 , . . . ) to a voltage high ejfough to cause electron 
tunneling into the floating gates iff FGC (F# 0 , F 1; . . . , F^, 
F# hl , F#j, F j+1 , . . . ) to be disconnected, while the remaining 
inputs are biased to a low volpge so that the remaining FGC 
are not programmed. / 

[0055] (2)Erase the dances (F 0 , F #1 , . . . , F j; F#, +1 , . . . ) 
with connected inputs^, W v . . . , Ij, I# j+1 , . . . ) in FIG. 
4(a). For example, thS procedure can be executed by setting 
those inputs I 0 , \#/ . . . , Ij, . . . ) to a voltage low 
enough to remove electrons from floating gates of those 
FGC (F 0 , F #1 , ./. , Fj, F^, . . . ) to be connected, while the 
remaining inputs are biased to a high voltage so that the 
remaining EGC stay programmed. 

[0056] After the FGCC in FIG. 5(a) is configured accord- 
ing to tne above procedures, the device is ready for func- 
tionalyoperation. FIG. 5(d) illustrates the operation wave- 
forrtfs for the FGCC in FIG. 5(a). Before time Tl, the circuit 
is idle state, and the pre-charge control signal PG# is low 
self that the output signal Nf is charged to voltage PCGV. At 
idle state, all the input signals (I 0 , 1 1; . . . I j _ 1 , Ij, I j+1 , • • • , 



I# 0 , l# ly . . . W hl , I#j, I# j+1 , . . . ) are set at idle state voltaga^ 
(Vhf) as shown in FIG. 5(d). At this idle state voltage VKE, 
all the FGC are biased into depletion conditions or invasion 
conditions so that their coupling capacitances tojtff are 
small. To start a logic calculation at time Tl, the me-charge 
circuit (501) is turned off by pulling PG# high, arJB the input 
signals (I 0 , I lf . . . L_ a , Ij, I w , • • ■ , I# p , I#y^ • 

. . . ) are set to their correspondingJogic states. For 
example, a logic state '1' on input 0J& represented by 
maintaining I# 0 at Vhf while pulling iff down to activation 
voltage (Vaf); a logic state '0' on input 0 is represented by 
maintaining I 0 at Vhf while pulbflg I# 0 down to Vaf. The 
activation voltage Vaf is a yMtage below accumulation 
threshold voltage (Vta) of erafed FGC but higher than Vta 
of programmed FGC. At tiraf T2, all the inputs return to Vhf 
while PG# is also pulledjow, then the circuit returns to idle 
state. Another cycle isusfarted at time T3 for another set of 
input signals, and return to idle state at T4. Under these 
conditions, if any/me of the connected input signals (I 0 , . . 
. I +1 , . . . , W^Jf-l^, . . . ) is '1', due to capacitor coupling 
effects, a voltage (Vof) would be coupled to the output line 
Nc as shovafin the first cycle between Tl and T2 in FIG. 
4(d). If ngne of the connected input signals (I 0 , . . . I j+1 , . . 
. , I#!,X. I#j, . . . ) is '1', the magnitude of the coupling 
voltase is much smaller than Vof because all the FGC has 
low^coupling capacitances. The amplitude of the coupling 
voftage (Vof) can be written as 

f VoHVta-Vaf)Cif/Cpf (13), 

[0057] where Cif is the value of capacitance on all the 
connected inputs that are switched to voltage Vaf, and Cpf 
Ss the total capacitance on the output line Nf. The sensing 
cflcuit (503) is designed to sense the coupling voltage Vof to 
provWe desired output. Similar to capacitor coupling cir- 
cuits/W should maximize the (Cif/Cpf) ratio for reliable 
operations 

[0058] ForWld improvement purpose, we can add addi- 
tional connectors to the FGCC allowing the possibility to 
disable the FGCcVhen it can not function correctly due to 
manufacture defectlstfor example, we can add a "valid bit" 
(Fr) to the FGCC as sBown in FIG. 5(a). The input to Fr is 
connected to a vahdationVignal (Rd) that is always switched 
to Vaf during logic evaluation, and its output is connected to 
Nf, as shown in FIG. 5(aV When this valid bit is pro- 
grammed, it has no effect to tflfe. result of FGCC operations. 
When this valid bit is erased, thVoutput Nf will always be 
low, which is equivalent to disable the PLA minterm. 
Adding such valid bit will allow usSto invalidate defective 
minterms in PLA to achieve higher yiSIg. Certainly, we can 
have more than one such valid bit per mTnterm, or have one 
valid bit for an array of FGCC. \ 

[0059] FIG. 5(b) is a cross-section diagra\showing the 
physical structures of the FGCC (508) in FIG. 5(a). A 
floating gate capacitor (529) comprises a conductor gate 
terminal (521) that is separated from a floating gate\(527) by 
floating gate insulator layer (523). The floating gate\527) is 
also separated from the semiconductor substrate (528) by 
gate insulator layer (525). Both the gate terminal (52rV and 
the floating gate (527) are typically made of poly siheon. 

Each input signal (I 0 , L,, . . . I M , Ij, I# 0 , \ • 

I#. j, . . . ) is connected to the gate of a floating gaffe 

capacitor (F 0 , F„ . . . Fj.,, Fj, F j+ „ . . . , F# 0 , F# lt . . . F# hl \ 
F#j, F# j+1 , . . . ). The output note Nf in FIG. 5(a) is an p-type 
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semiconductor substrate (528) in FIG. 5(b). This substrate 
ra8) can be a poly semiconductor layer or a diffusion area 
inVngle crystal substrate. 

[OO&fcl The present invention uses FGC to replace the 
functi&i of transistors to achieve smaller area and program- 
mable Hbctionalities. The FGCC of the present invention do 
not need \use single crystal semiconductor as the substrate. 
It can be Xanufactured on lower quality semiconductor 
layers, such \poly silicon layers to achieve higher density. 
FIG. 5(c) shovtethe cross-section view for a 3D device of 
the present invention using poly semiconductor substrates. 
In this example, thVe are two layers of poly semiconductor 
substrates (531, 591 ^Floating gate capacitors (533, 593) are 
built on both poly laySte (531, 591) to form FGCC of the 
present invention similiuVto the structure shown in FIG. 
5(b). On the single crystal sWiconductor substrate (581) we 
still can have prior art tranSktors (583, 585) sharing the 
same area as coupling circuflte of the present invention. 
Coupling circuits of the present nWention also can be placed 
on the single crystal substrate (r\t shown in this figure). 
Such 3D device can achieve deviJfc density many times 
higher than prior art IC. \ 
[0061] In many cases, it is desirable ft use hot electron 
effect, instead of tunneling effect, to program floating gate 
devices. To support hot electron programming the floating 
gate device need to be a three-terminal transistor instead of 
a two-terminal capacitor. FIG. 5(e) illustrates aVethod to 
build FGC of the present invention that can support hot 
carrier programming. The structure of the floatinkgate 
devices (567) in FIG. 5(e) is the same as those in FIG^fc) 
except that an ion implant (561) is executed right after t^e 
floating gates have been manufactured. The dopants arM 
blocked on areas covered by floating gates, while dopufg 
materials can penetrate into the substrate (563) at yka& 
between the floating gates. After thermal treatment, thK ion 
implant (561) procedure creates diffusion areas (566, 566) 
between the floating gates. In this way, a floating date (567) 
and nearby diffusion regions (565, 566) form yftransistor. 
The floating gate devices in FIG. 5(e) forms a series of 
transistors connected in NAND configuration. Therefore, it 
can support hot carrier programming anfl current mode 
operations in the same ways as prios^art NAND flash 
devices. The hot carrier programming«nd current sensing 
methods for the above device operates as serial transistors 
are the same as prior art NAND flash. Those methods are 
well-known to those familiar wit)f prior art IC operations so 
that there is no need to discuss wf further details. The floating 
gate transistors in FIG. 5(e) sfill can support all the coupling 
functions of the floating jpte capacitors in FIG. 5(b). In 
other words, the devicejfiFIG. 5(e) can support all opera- 
tions as conventional NAND flash, while it also can function 
as the FGCC in FlGj6(b). Similar to the device in FIG. 5(c), 
we also can build Mgh density 3D devices. FIG. 5(f) shows 
a 3D device thatifas two layers (571, 572) of NAND FGCC. 
[0062] Whil/specific embodiments of the invention have 
been illustrated and described herein, it is realized that other 
modifications and changes will occur to those skilled in the 
art. The/examples in FIGS. S(a-d) use FGC on p-type 
semiconductor substrate while FGC on n-type semiconduc- 
tor substrate also can provide equivalent functions as soon as 
the/polarities of voltages are inverted. We certainly can use 
a/combination of both types of FGC to support similar 
"operations. In the above examples, the input lines are 



connected to the conductor lines while the output lines are 
connected to the semiconductor substrate. We certainhrcan 
swap the connection method by using semiconducMr sub- 
strates as input lines while conductor lines as ouWut lines. 
The above examples showed simplified cross-ssction dia- 
grams for IC implementation. The detailed physical struc- 
tures can be implemented in wide varieties o&structures. The 
3D device of the present invention can hav€ many layers of 
coupling devices sharing the same area with prior structures. 
We uses an application on PLA mjnterm in the above 
examples, while similar circuits can^upport other applica- 
tions such as logic gates, comparators, storage devices, . . . 

[0063] FIGS. 6(a-g) show o/e example for the IC manu- 
facturing procedures of theipresent invention in 3D views, 
including cross-sections vfews through the middle of FGC 
devices in both horizontal and vertical directions. FIG. 6(a) 
illustrates the stractura&hen a floating gate conductor layer 
(605) is deposited oiyfop of gate insulator thin film (603) that 
is grown on a semiconductor substrate (601). The floating 
gate conductor layer (605) is etched into horizontal lines 
(604) by a marking step, as shown in FIG. 6(b). Another 
masked etching step defines horizontal substrate lines (611, 
613) as shown in FIG. 6(c). Isolation insulators are filled 
into the spaces between output lines (611, 613); a floating 
gate inafflator thin film (607) is grown on top of floating gate 
conductor lines; and then a gate conductor layer (621) is 
deposited on top of the floating gate insulator layer (607) as 
shown in FIG. 6(d). The next masking step etches the gate 
ifonductor layer (621) into parallel input lines (623), and the 
'floating gate layer is etched into isolated floating gate blocks 
(624, 625) as shown in FIG. 6(e). The resulting structure has 
one floating gate capacitor at each intersection between gate 
.conductor lines (623) and substrate output lines (611, 613), 
^forming a two dimensional (2D) array of floating gate 
capacitors. A horizontal line in FIG. 6(e) contains circuits 
equivalent to those shown in the cross-section diagram in 
FIG^Sff>). FIG. 6(f) illustrates the 3D structures for one of 
the flowing gate capacitor in the array. To have hot carrier 
programrmpg capability, we can use an additional ion 
implant process on the structure in FIG. 6(e) to form 
diffusion arelsi655) between floating gate devices as shown 
in FIG. 6(g). lathis way, we have a serious of floating gate 
transistors connebted in NAND configuration along each 
output lines (611^613). A horizontal line in FIG. 6(g) 
contains circuits eqSwalent to those shown in the cross- 
section diagram in FlGj. 5(e). 

[0064] FIGS. 7(a-f) stiW another example for the IC 
manufacturing procedures\f the present invention in 3D 
views, including cross-sections views through the middle of 
FGC devices in both horizontarand vertical directions. FIG. 
7(a) illustrates the structure wheflV floating gate conductor 
layer (705) is deposited on top of\ate insulator thin film 
(703) that is grown on a semiconducta^substrate (701). The 
floating gate conductor layer (705) is etSh^d into horizontal 
lines (704) by a masking step, as shown in F^G. 7(b). So far, 
these manufacture procedures are identical tchjiose in FIGS. 
6(a,b). In FIG. 6(c), substrate output lines (6fL 613) were 
separated by etching. FIG. 7(c) shows an alternatffee method 
of using n-type diffusion areas (712, 714) to separate p-type 
substrates (701) into p-type output lines (711, 713)AThese 
n-type diffusion areas (712, 714) can be manufacmretf by a 
masked n-type ion implant procedure. We also can use^he 
same mask to define the horizontal lines (704) as the mask 



US 2006/0011271 Al 



7 



Jan. 19, 2006 



to manufacture the n-type diffusion areas (712, 714). The 
following steps are similar to those in FIGS. 6(d,e). A 
floating gate insulator thin film (707) is grown on top of 
floating gate conductor lines, then a gate conductor layer 
(721) isVeposited on top of the floating gate insulator layer 
(707) as shqwn in FIG. 7(d). The next masking step etches 
the gate conductor layer (721) into parallel input lines (723), 
and the floatinj^eate layer is etched into isolated floating 
gate blocks (724, 785) as shown in FIG. 7(e). The resulting 
structure has one floating gate capacitor at each intersection 
between gate conducted lines (723) and p-type substrate 
output lines (711, 713), forming a two dimensional (2D) 
array of floating gate capacitors. A horizontal line in FIG. 
7(e) contains circuits equivalent to those shown in the 
cross-section diagram in FIG. 5|$). FIG. 7(f) illustrates the 
3D structures for one of the floatW gate capacitor in the 
array. The n-type diffusion areas (712V14) are not only used 
as separation layers for substrate outpu^ines (711, 713) but 
also provides as source and drain connections to form 
transistors with floating gate devices in th\array. All the 
floating gate devices in FIG. 7(e) are connected in wired 
NOR configuration with nearby n-type diffusionVeas (712, 
714). Therefore, the structure automatically supports hot 
carrier programming capability and current mode sensing 
capability. Higher parasitic capacitance is the major etisad- 
vantage of this structure comparing to the structure in PKJ. 
6(g). Naturally, the polarity of n-type and p-type substrate 
diffusion areas can be swapped to build similar devices. \ 

[0065] FIGS. S(a-f) show a method to improve device 
density for the IC manufacturing procedures of the present 
invention in 3D views, including cross-sections views j 
through the middle of FGC devices in both horizontal ancT 
vertical directions. FIG. 8(a) illustrates the structure whepfa 
floating gate conductor layer (805) is deposited on top of 
gate insulator thin film (803) that is grown on a setrficon- 
ductor substrate (801). The floating gate conducj/r layer 
(805) is etched into horizontal lines (804) by a masking step, 
as shown in FIG. 8(b). The first step in FIG. 8(# is identical 
to that in FIG. 7(a). The second step in mG.Mjb) is similar 
to the step in FIG. 7(b) except that the dejfeity of floating 
gate lines (804) is much higher. The next step is to divide the 
semiconductor substrate (801) into p-twSe areas (811, 813) 
and n-type areas (812, 814) as showf in FIG. 8(c). The 
following steps are similar to thcjsf in FIGS. 7(d,e). A 
floating gate insulator thin film (807) is grown on top of 
floating gate conductor lines (80$), then a gate conductor 
layer (821) is deposited on toryof the floating gate insulator 
layer (807) as shown in FIG/ 8(d). The next masking step 
etches the gate conductor layer (821) into parallel input lines 
(823), and the floating gate layer is etched into isolated 
floating gate blocks (82^ 825, 826) as shown in FIG. 8(e). 
The resulting structure has one floating gate capacitor at 
each intersection between gate conductor lines (823) and 
substrate output lines (811, 812, 813, 814), forming a two 
dimensional (21$ array of floating gate capacitors. The 
major difference' is that we have floating gate devices (825) 
on p-type substrate lines (811, 813) as well as floating gate 
devices (824^ 826) on n-type substrate lines (812, 814). This 
structure nearly doubles the device density comparing to the 
structure in FIG. 7(e). The FGC on p-type substrate operates 
separated form the FGC on n-type substrate. Both types 
form transistors connected in wired NOR configuration to 
support hot carrier programming and current mode sensing 
or/erations. 



[0066] While specific embodiments of the invention have 
been illustrated and described herein using a PLA interm as 
example, it is obvious that wide varieties of other apptoa- 
tions will occur to those skilled in the art based on sMilar 
principles. For example, structures shown in FIGS.J6e, 6g, 
7e, 8e) can be configured as logic circuits or of storage 
devices with equal convenience. FIG. 9(tA^shows an 
example when an array of FGC of the present invention is 
configured as a data storage device. The^gate terminals of 
FGC (901) are connected to vertical mmrf lines called "word 
lines" (WL1-WL6). The substrate terminals of those FGC 
(901) are connected to horizontaMnes called "bit lines" 
(BL1-BL4) using the terminoWgy of prior art memory 
devices. FIG. 9(a) shows the^sunplified schematic diagram 
for a 4 by 6 small array, whiK: the actual storage device can 
have hundreds of word %e and bit lines. 
[0067] FIG. 9(b) shows the electrical signals for selective 
programming of the^ftorage device in FIG. 9(a). At idle 
state, the word knef (WL1-WL6) are aU at voltage Vhw, 
while all bit lines (BL1-BL4) are at pre-charge voltage 
PCGV. Underlie state condition, all the FGC stays in 
depletion or inversion conditions to have minimum coupling 
capacitancefbetween word lines and bit lines. The voltage 
difference are small enough that the floating gate charge 
(Qf) infill FGC are not changed. At time Ta, selected word 
linesjfe pulled to a high voltage (Vpw) as shown in FIG. 
9(£$while all other word lines remain at Vhw. The bit lines 
(BL1-BL4) are either pulled down to a low voltage (Vpb) or 
jftay at PCGV. At time Tb, all the bit lines and word lines are 
fset back to idle state. An FGC is programmed when its word 
\ine is pulled to Vpw, and its bit line is pulled to Vpb. All 
oWr FGC remain unchanged. In these ways, we can selec- 
tivW program any FGC in the array with excellent flex- 
ibihV We can selectively program one FGC in the array by 
pullink its word line to Vpw while setting its bit line to Vpb. 
We canWogram the whole array simultaneously by pulling 
all word\nes to Vpw while setting all bit lines to Vpb. We 
also can selectively program a partial array by setting a 
plurality of vford lines to Vpw while setting a plurality of bit 
lines to Vpb. \ 

[0068] FIG. 9(8s» shows the electrical signals for selective 
erasing of the storage device in FIG. 9(a). The array starts 
in idle state before tune Tc. At time Tc, selected word lines 
are pulled to a low voltage (Vew) as shown in FIG. 9(c) 
while all other word life remain at Vhw. The bit lines 
(BL1-BL4) are either pulle\to a high voltage (Veb) or stay 
at PCGV. At time Td, all the'W lines and word lines are set 
back to idle state. An FGC is erased when its word line is 
pulled to Vew, and its bit line is putted to Veb. All other FGC 
remain unchanged. In these ways, ^ecan selectively erase 
any FGC in the array with excellenbJlexibility. We can 
selectively erase one FGC in the array tWpulling its word 
line to Vew while setting its bit line to Veb/We can erase the 
whole array simultaneously by pulling all word lines to Vew 
while setting all bit lines to Veb. We also ca\ selectively 
erase a partial array by setting a plurality of wcVl lines to 
Vew while setting a plurality of bit lines to Veb. \ 
[0069] FIG. 9(d) shows the electrical signals for raading 
data from the storage device in FIG. 9(a). The array smarts 
in idle state before time Te. At time Te, one of the word lines 
is pulled to read voltage (Vrw) as shown in FIG. 9(d) whfle 
all other word lines remain at Vhw. Vrw is a voltage that i| 
below the accumulation threshold voltage (Vta) of erased 
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VgC while it is higher than Vta of programmed FGC. 
Therefore, a voltage (Vrb) is coupled to bit lines that are 
connected to erased FGC, while the bit lines that are 
connected to programmed FGC see small coupling voltage. 
The sensms circuits (not shown) connected to each bit line 
(BL1-BL4) senses the coupling voltages and output the data 
stored in FGC. this way, we can read all the data stored 
in FGC along a selected word line. At time Tf, all the bit 
lines and word lines alfe set back to idle state ready for next 
operation. The above discussion assumed that the FGC in 
the array have p-type substrate. For the situation when the 
substrate is n-type, we needV invert polarities of voltages. 
There are many ways to execute program/erase/read opera- 
tions of the present inventionNfor example, hot carrier 
programming also can be executed. The scope of this 
invention should not be limited byWailed operation pro- 
cedures. \ 
[0070] The device shown in FIG. 7(e) is a multiple 
purpose device. If we use the floating gateSdevices in FIG. 
7(e) as programmable coupling capacitbre connected 
between input lines (723) and p-type output lineW711, 713), 
then it functions as an array of capacitors as shoVn by the 
schematic diagram in FIG. 9(a). For exactly me same 
device, we also can treat it as an array of floating* gate 
transistors connected in wired-NOR configuration as shWn 
by the schematic diagram in FIG. 9(e). The n-type diffusion 
areas (712, 714) in FIG. 7(e) are used as the sources anX 
drains (N1-N7) of n-channel floating gate transistors (951) > 
in FIG. 9(e). The input lines (723) in FIG. 7(e) are the 
vertical word lines (Wfl-Wf4) in FIG. 9(e). 
[0071] To facilitate better understanding, the simplified:" 
structural top view of the device in FIG. 9(e) is illustraiecl 
in FIG. 9(f). Horizontal n-type diffusion areas (Nl-Np*- ' 
deposited on p-type substrate (963) to isolate the jf type 
substrate into horizontal lines. Vertical conduct^ 
(Wfl-Wf4) forms word lines that connect thefgates of 
floating gate transistors. A floating gate (G6) is placed under 
each position below word lines (Wfl-Wf4)$nd between 
n-type diffusion areas (N1-N7) to form /floating gate 
transistor (F1-F6). For example, the gate/bf floating gate 
transistor F6 is connected to Wf3, its source is N7, its drain 
is N6, while it has a floating gate (G6>*ander Wf3 between 
N7 and N6. Each floating gate transisjSr in this array shares 
its source/drain areas with nearb/ transistors along the 
vertical direction. For example,^ shares drain with Fl, 
while F2 shares source with EST The definition of source 
versus drain can be swapped Jecause they are symmetric. 
We will call them source/dram terminals because the mean- 
ing of source and drain are exchangeable. All the source/ 
drain areas are connected horizontally in a wired-NOR 
configuration. All the floating gate devices in the array can 
be erased simultaneously by pulling all n-type diffusion 
areas (N1-N7) to a hfgh voltage while keeping all word lines 
(Wfl-Wf4) at low/voltage. Selective erase can happen if we 
selectively put hfgh voltage on part of the n-type diffusion 
areas. Since wl have transistors instead of capacitors, hot 
carrier programming is available, but the programming 
procedure^ a little bit more complex than prior art devices 
becauseyfransistors (F1-F6) share source/drain areas with 
nearby/transistors on the same word line (Wf3). For 
example, if we want to program transistor F6, we put high 
voltage on its word line (Wf3), pull N7 to ground, and N6 
toA drain voltage proper for hot carrier programming (Vdp). 
Ifl this way, F6 will be programmed by hot carrier effect. The 



problem is that transistor F5 is connected to the same word/ 
line (Wf3) and shares the same drain (N6) with F6; we ne^Q 
to avoid accidental programming of F5. This problem can be 
avoided by floating N5 or by putting Vdp on N5 wh^ri we 
are programming F6. In this way, only half of the transistors 
along a word line can be programmed simujiSneously. 
Programming the other half requires a separator aperation. 
The device in FIG. 9(e) also allows curreffi mode read 
operations with similar problem. For example, if we want to 
read transistor F6, we activate its worcjjlme (Wf3), pull N7 
to ground, and N6 will be pull down^by transistor current if 
F6 is erased, while there is no curpnt if F6 is programmed, 
allowing a sensor connected to N/6 to detect the status of F6. 
The problem is that transistor/FS is connected to the same 
word line (Wf3) and shares^he same drain (N6) with F6; F5 
also can provide current tb'N6 if it is erased. We can avoid 
the influence of F5 by floating N5 or by putting a pre-charge 
voltage on N5. In thcs'way, we can only read half of the 
transistors along a^ord line simultaneously. Reading the 
other half requires^ separated operation. 
[0072] The /device in FIG. 9(e) provides all functions 
equivalent it? prior art NOR FLASH devices. FIG. 9(g) 
shows structural top view for an array of prior art NOR 
FLASH/memory cells. Floating gate transistors (971) are 
formijdunder vertical word lines (977), and between source 
(973-f and drain (975) diffusion areas. These floating gate 
transistors (971) share source and drain with nearby tran- 
„ stors along horizontal direction. The sources (973) are 
/connected together through diffusion connections, while the 
s are connected to horizontal metal bit lines (not 
n) through metal contacts (972). Comparing the float- 
uSgate transistor array of the present invention in FIG. 9(f) 
wu\the equivalent prior art array in FIG. 9(g), the differ- 
' we rotated the orientation of transistors by 90 
degrelte relative to the word line direction. This 90 degree 
rotation; allow us to make wired-NOR connections with 
diffusiorWeas, while the same diffusion areas also serve the 
purpose far isolation. There is no need to have any metal 
contact (974) in the array. The result is dramatic reduction in 
area. TypicaHv this 90 degree rotation can improve device 
density by 3 tk 5 times. The price to pay is the complexity 
in read and proVam operations as discussed in the above 
sections. We can further double the device density using the 
device structure shdwn in FIG. 8(e), which is equivalent to 
have an array of n-chWel floating gate transistors overlap 
with an array of p-chanWl floating gate transistors, both in 
the configuration shown na FIG. 9(e). 
[0073] FIGS. 9(a-f) demonstrate that FGC array of the 
present invention can support aVthe functions of electrically 
erasable/programmable read oruVmemory (EEPROM) as 
well as all the functions of FLASH memory. With the 
flexibility to build 3D devices, storageVdevices of the present 
invention can achieve storage density lueher than all prior 
art storage devices. Nt 
[0074] The major problem for 3D circuits i>i of the present 
invention is in yield. Although voltage couplingvcircuits are 
less sensitive to manufacture defects than curteiit mode 
circuits, we still can not expect FGC built on low^quality 
substrates to have the same yield as those build on single 
crystal substrates. It is therefore necessary to provide yield 
enhancement methods for 3d devices of the present inveV 
tion. FIG. 10 shows a simplified block diagram illustrating! 
various yield enhancement methods. In this example, a\ 
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(tevice of the present invention comprises an array of smaller 
bWs (11). Each block (11) comprises an FGC array (21) 
and\peripheral circuits (23) as shown by the magnified 
picturV (12) on top of FIG. 10. Block peripheral circuits (23) 
comprises pre-charge circuits, sensing circuits, decoders, 
controlled . . . etc that are not shown in FIG. 10 for 
simplicityVhe FGC array (21) comprises an array of FGC 
(25) connected between vertical input lines (27) and hori- 
zontal outpurVines (29). When this device is a storage 
device, the input lines (27) would be word lines while the 
output lines (29)fltould be bit lines, but this structure is also 
applicable to otherVpes of devices such as PLA. One yield 
enhancement methodMs to add one or more FGC for each 
input line (27) as "hneValid bit" (LVB). These LVB's are 
controlled by additionaKyalidation input signals (VIS). 
Normally, LVB and VIS ha\e no effects on the function of 
the device. When the circuitsVelated to one of the output 
lines (29) are found to fail, the WB on the failed line is set 
to disable that line, and the funSwn of the failed line is 
replaced by another functional line. \Ve also can equip each 
block (11) with one or more "block valid bits" (BVB). BVB 
normally have no effects on the function af the device. When 
a block (11) is found to fail, and the failures can not be fixed 
by other methods, the BVB on the failed fyock are set to 
disable that block, and the function of the failed block is 
replaced by another block. At upper level, we caniiave error 
correction code (ECC) circuits (33) to execute err-pr detec- 
tion/correction for the input/outputs (31) of the device^ ECC 
mechanisms are well known to the art so that there is no^need 
to discuss in details. We also can use a redundant device (40) 
that replaces the functions of failed FGC arrays forW 
programmed set of conditions. Details of the redundant-^ 
device operations are also well known to the art. Using 0ne 1 
or more yield enhancement methods described above; 3D 
devices of the present invention can achieve excellenf yield. 

[0075] FIGS, ll(a-d) are three dimensional symbolic dia- 
grams showing an example of the manufacturgprocedures 
for the floating gate transistor array shown ir/FIGS. 9(e,f). 
FIG. 11(a) illustrates the structures when/5 floating gate 
conductor layer (1105) is deposited on top' of gate insulator 
thin film (1103) that is grown on a sennconductor substrate 
(1101). The dimensions in our figures aTe often not drawn to 
scale. A floating gate insulator thin film (1109) is grown on 
top of the floating gate conducter layer (1105), and the 
floating gate conductor layer (1105) is etched into horizontal 
lines by a masking step as shqwn in FIG. 11(6). Typically, 
this floating gate insulator kiyer (1109) is made of oxide- 
nitride-oxide (ONO) comp/site insulator layers. Diffusion 
areas (ND1-ND4) are foTmed between the floating gate 
conductor lines (1105) My self-aligned ion implantation as 
shown in FIG. 1l(by These diffusion areas (ND1-ND4) 
should be n-type diffusion areas if the substrate (1101) is 
p-type. These diffusion areas (ND1-ND4) also can be p-type 
diffusion areas if ifoe substrate (1101) is n-type. At this stage 
the space between the horizontal floating gate conductor 
lines are filledftvith insulators (not shown). These diffusion 
areas (ND1}ND4) form source/drain terminals for floating 
gate transistors and provide bit line connections for the 
array. These diffusion areas (ND1-ND4) also can be con- 
nected to power or ground to support different operations. 
The amove manufacture procedures are well known to inte- 
grated circuit industry; there is no need to provide further 
details. FIG. 111(c) illustrates the next step when a gate 
conductor layer (1111) is deposited on top of the floating 



gate insulator layer (1109). The next masking step etcj*e*s the 
gate conductor layer (1111) into vertical word liniS (NG1- 
NG4), and the floating gate structures are etched into iso- 
lated floating gate blocks as shown in FJG. 1100- Th e 
resulting structures in FIG. 11(d) havejftie floating gate 
transistor (FT1-FT5) at each intersectiowbetween word lines 
(NG1-NG4) and the active areas between bit lines (ND1- 
ND4), forming a two dimensionamrray of floating gate 
transistors as illustrated by the top view shown in FIG. 
11(e). FIG. 11(/) ^ a schematic circuit diagram showing the 
connections for the floating gatf transistor array in FIGS. 
ll(d,e). 7 

[0076] All the manufacture procedures used in the above 
example are well known/o The IC industry. The above 
floating gate array is deferent from prior art floating gate 
array shown in FIG. 9(g) by the connections between the 
floating gate transistors in the array. For a prior art array, 
each transistor connected to the same word line is connected 
to different bit lines. For a floating gate array of the present 
invention, the floating gate transistors that share the same 
word line caryshare the same bit line with nearby floating 
gate transist6rs. For example, the transistor FT2 in FIGS. 
11(0*-/) shades the same word line (NG4) with the transistor 
FT1, affile their source/drain terminals are connected 
together to the same bit line (ND2). For another example, the 
transistor FT2 in FIGS. l\{d-f) shares the same word line 
(N;G4) with the transistor FT3, while their source/drain 
terminals are connected together to the same bit line (ND3). 

/This structure allows us to use diffusion areas for bit line 
connection without using metal contacts; the resulting 
devices are therefore smaller than that of prior art devices. 
For prior art arrays arranged in NOR configuration, nearby 
transistors are electrically separated by field isolation insu- 

Slators. For a floating gate array of the present invention, 
nearby floating gate transistors are naturally separated with- 
out the need to have field isolation layer in the array. For this 
example, the transistor FT4 in FIGS. \\{d,e) is electrically 
separated from nearby transistor FT1 because the active area 
between- them is of the opposite carrier type of the transistor 
channel barriers. There is no need to put field isolation 
insulator between them. For another example, the transistor 
FT4 is electrically separated from nearby transistor FT5 for 
the same reasons. Such natural isolation also helps to reduce 
the areas for floating gate transistor arrays of the present 
invention. \ 

[0077] The price to pay for such reduction in area is 
increased complexity ip control. For example, if we want to 
read the status of FT2 by tuning on its word line (NG4), 
pulling down its source (ND3), and detecting the current or 
voltage on its bit line (ND2), we need to avoid the interfer- 
ence from the transistor FT1 because FT1 is also connected 
to the same bit line (ND2) aiid. it is turned on by the same 
word line (NG4). As discussed previously, this problem can 
be solved by proper bias on ND1. For n-channel transistors, 
we can bias ND1 to high voltage, and pre-charge ND2 to 
high voltage. Under this condition, the, driving current of 
FT1 is small due to body effects; we can detect the status of 
FT2 by measuring the voltage or curreht on ND2 with 
minimal interferences from FT1. For p-chahnel transistor, 
the polarity of voltages is inverted. In such ways, we can 
read half of the data from floating gate transistors connected 
to the same word line. There are many other ways^o 
overcome this limitation, but we will not discuss thole 
methods in this patent application. 
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[0078] While specific embodiments of the invention have 
beW illustrated and described herein, it is realized that other 
modifications and changes will occur to those skilled in the 
art. FVthe above examples, word lines are all traveling in 
the samV directions (called word line direction) while in 
many implementations word lines can travel to different 
directions finally. The term "word line direction" means 
overall direction from array point of view instead of local 
direction. It is also possible to have more than one word line 
direction in an afiay. Similarly, for the above examples, bit 
lines are all traveling in the same directions while in many 
implementations bit lines can travel to different directions 
locally. The term "bit line direction" means overall direction 
from array point of view instead of local direction. It is also 
possible to have more than one bit line direction in an array. 
In the above example, we call%)urce/drain connection lines 
as bit lines. Sometimes, parts ofesuch lines are dedicated to 
power line connections. We did notjdistinguish bit lines from 
power lines in our examples because the same lines can be 
used for both functions in our exaftaples. However, we 
should define bit lines as the source/drain connections used 
to read/write data from and into the non-volatile memory 
transistors. Prior art non-volatile memory transistors on the 
same word line can share the same power lines but they can 
not share the same bit lines. \ 
[0079] There are many possible manufactureNprocedures 
available to build floating gate transistor arrays of the 
present invention. The above structure is also applicable to 
there type of non-volatile memory devices. FIGS. \2{a-f)/ 
show additional examples of the present invention. ""\^f 
[0080] FIG. 12(a) illustrates the structures when difiusfen 
areas (ND5-ND8) are formed on a substrate (1201). TfiesV 
diffusion areas (ND5-ND8) should be n-type diffusio/areas^ 
if the substrate (1201) is p-type. These diffusion areas 
(ND5-ND8) also can be p-type diffusion areas if the sub- 
strate (1201) is n-type. These diffusion areas J^ND5-ND8) 
form source/drain terminals for non-volatile .memory tran- 
sistors and provide bit line connections for/fne array. 
[0081] In the following steps, a floating gate conductor 
layer (1205) is deposited on top of a ofiarge trapping gate 
insulator thin film (1203) that is grownftn the semiconductor 
substrate (1201) as shown in FIG/ 12(b). Typically, this 
charge trapping gate insulator thifi film (1203) is made of 
oxide-nitride-oxide (ONO) orjOther types of composite 
insulator thin films. As well known to the art, such charge 
trapping gate insulator thiyfilm (1203) can trap charges 
injected into it causing changes in transistor threshold volt- 
age in similar ways as/4 floating gate transistor. While 
floating gate is typically/made of conductor thin film such as 
poly silicon. The chafge trapping gate insulator thin film 
(1203) is an insulate* so that the trapped charge won't move 
around within it/n our definition, a transistor with such 
charge trapping ipte insulator thin film (1203) as part of its 
gate structure Isalso a floating gate transistor because its 
current- voltage relationship also can be changed by injecting 
charges into/its gate structure. In this patent application, we 
define a "non-volatile memory transistor" as a transistor that 
can adjust its current-voltage relations by trapping electrical 
charges/n its gate structures. Examples for the "non-volatile 
memqry transistor" are floating gate transistors and transis- 
tors.with charge trapping gate insulators. 
[0082] The next masking step etches the gate conductor 
layer (1205) into vertical word lines (NG5-NG8) as shown 



in FIG. 12(c). In this example, the charge trapping gate 
insulator thin film (1203) between the won^ines is not 
etched away because it is an insulator thin^ilm. For other 
implementations it maybe removed in the/freas between the 
word lines. In this example, the word Unes (NG5-NG8) are 
also coated with protection insulator*! (1211) as a common 
practice in IC industry. The resulting structures in FIG. 
12(c) have one non-volatile m/§nory transistor at each 
intersection between word lines^NG5-NG8) and the active 
areas between bit lines (ND5^D8), forming a two dimen- 
sional array of non-volatile jfiemory transistor as illustrated 
by the schematic circuityfliagram in FIG. 12(d). We can 
further improve the density of the non-volatile memory 
array by filling the soaces between the word lines (NG5- 
NG8) with another layer of gate conductor lines (NB5-NB8) 
as shown in FIG. 12(e). The structures shown in FIG. 12(e) 
can be achieved Wy well known IC manufacture procedures. 
For example, \re can deposit poly silicon thin film as the 
second gate conductor layer, and use well known etch back 
or polishing^ procedures to fill the additional word lines 
(NB5-NB8f into the space between the original word lines 
(NG5-NK8). Such manufacture procedures are self -aligned 
becaus/ the protection insulator (1211) of the first set of 
word/ines (NG5-NG8) provides the structures needed to 
define the locations and dimensions of the second set of 
w£rd lines (NB5-NB8). The resulting structures in FIG. 
A2(e) have one additional non-volatile memory transistor at 

f each intersection between added word lines (NTB5-NB8) and 
the active areas between bit lines (ND5-ND8), forming a 
two dimensional array of non-volatile memory transistor as 
illustrated by the schematic circuit diagram in FIG. 12(f). 
The density of the non-volatile memory array is therefore 
doubled. For the example shown in FIGS. 12(e,f), the 
electrical separation between nearby transistors are sepa- 

\ rated naturally by other transistors. 
f0083] The examples shown in FIGS. I2(a-f) demon- 
strated that the array structures of the present invention are 
applicable to floating gate transistors as well as non-volatile 
transistors with charge trapping gate structures. Significant 
area saving and simplifications in manufacture procedures 
are achievable by the present invention. 
[0084] While specific embodiments of the invention have 
been illustrated and described herein, it is realized that other 
modifications and changes will occur to those skilled in the 
art. It is therefore to be understood that the appended claims 
are intended to cover all modifications and changes as fall 
within the true spirit and scope of the invention. 

1. An electrical device comprises: (a)an array of non- 
volatile memory transistors, (b)a plurality of word fines that 
connect the gate terminals of a plurality of non-volatile 
memory transistors along a word line direction, and (c)a 
plurality of bit lines that connect the source/drain terminals 
of a plurality of non-volatile memory, transistors along a bit 
line direction different from said word line direction, 
wherein pairs of said non-volatile memory transistors that 
share the same word line also share the same bit line with 
nearby non-volatile memory transistors. 

2. The non-volatile memory transistors in claim 1 are 
electrically separated from nearby non-volatile^emory 
transistors along bit fine direction by active areas. \ 

3. The non-volatile memory transistors in claim fWe 
electrically separated from nearby non-volatile memor\ 
transistors along bit fine direction by transistors. 



US 2006/0011271 Al 



11 



Jan. 19, 2006 



n-volatile memory transistors in claim 1 are 
floatin^gateOansistors. 

5. The non-vclatile*m«BMirvtransistors in claim 1 are 
transistors with charge trappinggSte-stnictures. 

6. A method for arranging an arra^sf^non-volatile 
memory transistors comprising the steps of: (ap^^' ^n^ 
plurality of word lines for connecting the gate k^^^ ~. 
a plurality of non-volatile memory transistcji^long word 
line direction, (b)providing a pluralitvpPoit lines for con- 
necting the source/drain terminator a plurality of non- 
volatile memory transistors ajpdga bit line direction differ- 
ent from said word line djfection, and (c)arranging pairs of 
nearby non-volatile memory transistors to share the same bit 
line with nearby^atSn-volatile memory transistors that share 
the same 1 



7. The method of arranjnn^a-sflfayof non- volatile 
memory transistorejeuefen^ocomprising a step of using 
active area^le^pfovide electrical separation to nearby non- 
vol^tile'memory transistors along bit line direction. 

8. The method of arranging an array of non-volatile 
memory transistors in claim 6 comprising a step of using 

-^••■ansistors to provide electrical separation to nearby non- 
latikjiiemory transistors along bit line direction. 

9. Thefibss^olatile memory transistors in claim 6 are 
floating gate transisfoTsr^-^^^^ 

10. The non-volatile memorytran^tStOFs4nclaim 6 are 
' ' rs with charge trapping gate structures. 
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Claims 



1. An Ni-based single crystal super alloy having a composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 
wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt 
% of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of Ru in terms of its weight ratio, with the remainder 
consisting of Ni and unavoidable impurities. 

2 An Ni-based single crystal super alloy having a composition comprising 5.0-7.0 wt % of Al, 4.0-6.0 
wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt 
% of Cr, 0-9.9 wt % of Co, and 4.1-14.0 wt % of Ru in terms of weight ratio, with the remainder 
consisting of Ni and unavoidable impurities. 

3. An Ni-based single crystal super alloy having a composition comprising 5.0-7.0 wt % of Al, 4.0-6.0 
wt % of Ta, 2.9-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt 
% of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of Ru in terms of weight ratio, with the remainder 
consisting of Ni and unavoidable impurities. 

4. An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.9 wt 
% of Al, 5.9 wt % of Ta, 3.9 wt % of Mo, 5.9 wt % of W, 4.9 wt % of Re, 0.10 wt % of Hf, 2.9 wt % of 
Cr, 5.9 wt % of Co and 5.0 wt % of Ru in terms of weight ratio, with the remainder consisting of Ni and 
unavoidable impurities. 

5. An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.8 wt 
% of Al, 5.6 wt % of Ta, 3.1 wt % of Mo, 5.8 wt % of W, 4.9 wt % of Re, 0.10 wt % of Hf, 2.9 wt % of 
Cr, 5.8 wt % of Co and 5.0 wt % of Ru in terms of weight ratio, with the remainder consisting of Ni and 
unavoidable impurities. 

6. An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.8 wt 
% of Al, 5.8 wt % of Ta, 3.9 wt % of Mo, 5.8 wt % of W, 4.9 wt % of Re, 0.10 wt % of Hf, 2.9 wt % of 
Cr, 5.8 wt % of Co and 6.0 wt % of Ru in terms of weight ratio, with the remainder consisting of Ni and 
unavoidable impurities. 

7. An Ni-based single crystal super alloy according to claim 1 further comprising 0-2.0 wt % of Ti in 
terms of weight ratio. 

8. An Ni-based single crystal super alloy according to claim 1 further comprising 0-4.0 wt % of Nb in 
terms of weight ratio. 

9. An Ni-based single crystal super alloy according to claim 1 further comprising at least one of 
elements selected from B, C, Si, Y, La, Ce, V and Zr. 
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10. An Ni-based single crystal super alloy according to claim 9 having a composition comprising 0.05 
wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 0.1 wt % or less 
of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr in terms of weight ratio. 

1 1 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt % of Al, 4.0-10.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 
wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 10.0-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt 
% or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of 
Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 

12 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.8-7.0 
wt % of Al, 4.0-5.6 wt % of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt 
% of Hf, 2.9-4.3 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt % or 
less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 
0.1 wt %'or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 

13 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt % of Al, 4.0-10.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 
wt % of Hf, 2.9-5.0 wt % of Cr, 0-9.9 wt % of Co, 6.5-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt 
% or less of Ti, 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % or less of Si, 0. 1 wt % or less of 
Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 

14 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt % of Al, 4.0-6.0 wt % of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt 
% of Hf 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt % or 
less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 
0.1 wt %'or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 

15 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt % of Al 4.0-5.6 wt % of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt 
% of Hf 2 0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt % or 
less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 
0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 

16 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt % of Al 4.0-10.0 wt % of Ta, 3.1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 
wt % of Hf 2 0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt 
% or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of 
Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 

17 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.8-7.0 
wt % of Al 4 0-10.0 wt % of Ta, 3.1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 
wt % of Hf 2 0-5 0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt 
% or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of 
Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 

18 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt % of Al 4.0-10.0 wt % of Ta, 3.1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 
wt % of Hf 2.9-4.3 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt 
% or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of 
Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 
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19. An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt % of Al, 4.0-10.0 wt % of Ta+Nb+Ti, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 
0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 0.05 wt % or less of B, 
0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 0.1 wt % or less of La, 0.1 wt % or 
less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 

20. An Ni-based single crystal super alloy according to claim 1 wherein, when lattice constant of matrix 
is taken to be al and lattice constant of precipitation phase is taken to be a2, a2.1toreq.0.999al . 

21. An Ni-based single crystal super alloy according to claim 20 wherein the lattice constant of the 
precipitation phase a2 is 0.9965 or less of the lattice constant of the matrix al. 

22. An Ni-based single crystal super alloy, wherein lattice constant of its precipitation phase a2 is 
0.9965 or less of lattice constant of its matrix al, and having a composition including Re and Ru, and 
2.9-4.5 wt % of Mo. 

23. An Ni-based single crystal super alloy, wherein lattice constant of its precipitation phase a2 is 
0.9965 or less of lattice constant of its matrix al, and having a composition including 2.9-4.5 wt % of 
Mo, 3.1-8.0 wt % of Re and 4.1-14.0 wt % of Ru. 

24. An Ni-based single crystal super alloy according to claim 1 wherein a dislocation space of the alloy 
is 40 nm or less. 

Description 



TECHNICAL FIELD 

[0001] The present invention relates to a Ni-based single crystal super alloy, and more particularly, to a 
technology employed for improving the creep characteristics of Ni-based single crystal super alloy. 

BACKGROUND ART 

[0002] An example of the typical composition of Ni-based single crystal super alloy developed for use 
as a material for moving and stationary blades subject to high temperatures such as those in aircraft and 
gas turbines is shown in Table 1. TABLE-US-00001 TABLE 1 Alloy Elements (wt %) name Al Ti Ta 

Nb Mo W Re C Zr Hf Cr Co Ru Ni CMSX-2 6.0 1.0 6.0 - 1.0 8.0 8.0 5.0 - Rem CMSX-4 5.6 

1 0 6 5 - 0 6 6.0 3.0 6.5 9.0 - Rem ReneN6 6.0 - 7.0 0.3 1.0 6.0 5.0 -- -- 0.2 4.0 13.0 - Rem 

CMSX-10K 5.7 0.3 8.4 0.1 0.4 5.5 6.3 -- -- 0.03 2.3 3.3 -- Rem 3B 5.7 0.5 8.0 -- -- 5.5 6.0 0.05 -- 0.15 
5.0 12.5 3.0 Rem 

[0003] In the above-mentioned Ni-based single crystal super alloys, after performing solution treatment 
at a prescribed temperature, aging treatment is performed to obtain an Ni-based single crystal super 
alloy. This alloy is referred to as a so-called precipitation hardened alloy, and has a from in which the 
precipitation phase in the form of a .gamma.' phase is precipitated in a matrix in the form of a .gamma, 
phase. 

[0004] Among the alloys listed in Table 1, CMSX-2 (Cannon-Muskegon, U.S. Pat. No. 4,582,548) is a 
first-generation alloy, CMSX-4 (Cannon-Muskegon, U.S. Pat. No. 4,643,782) is a second-generation 
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alloy, ReneN6 (General Electric, U.S. Pat. No. 5,455,120) and CMSX-10K (Canon-Muskegon, U.S. Pat. 
No. 5,366,695) are third-generation alloys, and 3B (General Electric, U.S. Pat. No. 5,151,249) is a 
fourth-generation alloy. 

[0005] Although the above-mentioned CMSX-2, which is a first-generation alloy, and CMSX-4, which 
is a second-generation alloy, have comparable creep strength at low temperatures, since a large amount 
of the eutectic .gamma.' phase remains following high-temperature solution treatment, their creep 
strength is inferior to third-generation alloys. 

[0006] In addition, although the third-generation alloys of ReneN6 and CMSX-10 are alloys designed to 
have improved creep strength at high temperatures in comparison with second-generation alloys, since 
the composite ratio of Re (5 wt % or more) exceeds the amount of Re that dissolves into the matrix 
(.gamma, phase), the excess Re compounds with other elements and as a result, a so-called TCP 
(topologically close packed) phase precipitates at high temperatures causing the problem of decreased 
creep strength. 

[0007] In addition, making the lattice constant of the precipitation phase (.gamma.' phase) slightly 
smaller than the lattice constant of the matrix (.gamma, phase) is effective in improving the creep 
strength of Ni-based single crystal super alloys. However, since the lattice constant of each phase 
fluctuates greatly fluctuated according to the composite ratios of the composite elements of the alloy, it 
is difficult to make fine adjustments in the lattice constant and as a result, there is the problem of 
considerable difficulty in improving creep strength. 

[0008] In consideration of the above circumstances, the object of the present invention is to provide a 
Ni-based single crystal super alloy that makes it possible to improve strength by preventing precipitation 
of the TCP phase at high temperatures. 

DISCLOSURE OF INVENTION 

[0009] The following constitution is employed in the present invention in order to achieve the above 
object. 

[0010] The Ni-based single crystal super alloy of the present invention is characterized by having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of 
Ru in terms of its weight ratio, with the remainder consisting of Ni and unavoidable impurities. 

[001 1] In addition, the Ni-based single crystal super alloy of the present invention is characterized by 
having a composition comprising 5.0-7.0 wt % of Al, 4.0-6.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 
wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, and 4.1-14.0 
wt % of Ru in terms of weight ratio, with the remainder consisting of Ni and unavoidable impurities. 

[0012] In addition, the Ni-based single crystal super alloy of the present invention is characterized by 
having a composition comprising 5.0-7.0 wt % of Al, 4.0-6.0 wt % of Ta, 2.9-4.5 wt % of Mo, 4.0-10.0 
wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co and 4.1-14.0 
wt % of Ru in terms of weight ratio, with the remainder consisting of Ni and unavoidable impurities. 

[0013] According to the above Ni-based single crystal super alloy, precipitation of the TCP phase, 
which causes a decrease in creep strength, during use at high temperatures is inhibited by the addition of 
Ru. In addition, by setting the composite ratios of other composite elements within their optimum 
ranges, the lattice constant of the matrix (.gamma, phase) and the lattice constant of the precipitation 
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phase (.gamma.' phase) can be made to have optimum values. Consequently, strength at high 
temperatures can be enhanced. Furthermore, since the composition of Ru is 4.1-14.0 wt %, precipitation 
of the TCP phase, which causes a decrease in creep strength, during use at high temperatures, is 
inhibited. 

[0014] In addition, the Ni-based single crystal super alloy of the present invention is preferably having a 
composition comprising 5.9 wt % of Al, 5.9 wt % of Ta, 3.9 wt % of Mo, 5.9 wt % of W, 4.9 wt % of 
Re, 0.10 wt % of Hf, 2.9 wt % of Cr, 5.9 wt % of Co and 5.0 wt % of Ru in terms of weight ratio, with 
the remainder consisting of Ni and unavoidable impurities, in the Ni-based single crystal super alloys 
previously described. 

[0015] According to an Ni-based single crystal super alloy having this composition, the creep endurance 
temperature at 137 MPa and 1000 hours can be made to be 1344 K (1071 .degree. C). 

[0016] In addition, the Ni-based single crystal super alloy of the present invention is preferably having a 
composition comprising 5.8 wt % of Co, 2.9 wt % of Cr, 3.1 wt % of Mo, 5.8 wt % of W, 5.8 wt % of 
Al, 5.6 wt % of Ta, 5.0 wt % of Ru, 4.9 wt % of Re and 0.10 wt % of Hf in terms of weight ratio, with 
the remainder consisting of Ni and unavoidable impurities, in the Ni-based single crystal super alloys 
previously described. 

[0017] According to an Ni-based single crystal super alloy having this composition, the creep endurance 
temperature at 137 MPa and 1000 hours can be made to be 1366 K (1093.degree. C). 

[0018] In addition, the Ni-based single crystal super alloy of the present invention is preferably having a 
composition comprising 5.8 wt % of Co, 2.9 wt % of Cr, 3.9 wt % of Mo, 5.8 wt % of W, 5.8 wt % of 
Al, 5.8 wt % (5.82 wt %) or 5.6 wt % of Ta, 6.0 wt % of Ru, 4.9 wt % of, Re and 0.10 wt % of Hf m 
terms of weight ratio, with the remainder consisting of Ni and unavoidable impurities, in the Ni-based 
single crystal super alloys previously described. 

[0019] According to an Ni-based single crustal super alloy having this composition, the creep endurance 
temperature at 137 MPa and 1000 hours can be made to be 1375 K (1 102.degree. C.) or 1379 K 
(1106.degree. C). 

[0020] Furthermore, 0-2.0 wt % of Ti in terms of weight ratio can be included in the Ni-based single 
crystal super alloys previously described. 

[0021] Furthermore, 0-4.0 wt % of Nb in terms of weight ratio can be included in the Ni-based single 
crystal alloys previously described. 

[0022] Furthermore, at least one of elements selected from B, C, Si, Y, La, Ce, V and Zr can be included 
in the Ni-based single crystal super alloys previously described. 

[0023] In this case, it is preferable that 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less 
of Si, 0.1 wt % or less of Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 
wt % or less of Zr in terms of weight ratio are included in the alloys. 

[0024] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 10.0-14.0 wt % of Ru, 
4.6 wt % or less of Nb, 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % 
or less of Si, 0.1 wt % or less of Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V 
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and 0.1 wt % or less of Zr. 

[0025] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.8-7.0 wt % of Al, 4.0-5.6 wt % of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of 
W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.9-4.3 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4.6 wt % or less of Nb, 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % 
or less of Si, 0.1 wt % or less of Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V 
and 0.1 wt % or less of Zr. 

[0026] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.9-5.0 wt % of Cr, 0-9.9 wt % of Co, 6.5-14.0 wt % of Ru, 
4 6 wt % or less of Nb, 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % 
or less of Si, 0.1 wt % or less of Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V 
and 0.1 wt % or less of Zr. 

[0027] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-6.0 wt % of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of 
W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4 6 wt % or less of Nb, 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % 
or less of Si, 0.1 wt % or less of Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V 
and 0.1 wt % or less of Zr. 

[0028] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-5.6 wt % of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4 6 wt % or less of Nb, 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % 
or less of Si, 0.1 wt % or less of Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V 
and 0.1 wt % or less of Zr. 

[0029] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt % of Ta, 3.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4 6 wt % or less of Nb, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % 
or less of Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of 
Zr. 

[0030] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.8-7.0 wt % of Al, 4.0-10.0 wt % of Ta, 3.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4 6 wt % or less of Nb, 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % 
or less of Si, 0.1 wt % or less of Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V 
and 0.1 wt % or less of Zr. 

[0031] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt % of Ta, 3.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.9-4.3 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4 6 wt % or less of Nb, 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % 
or less of Si, 0.1 wt % or less of Y, 0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V 
and 0.1 wt % or less of Zr. 
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[0032] In addition, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt % of Ta+Nb+Ti, 3.3-4.5 wt % of Mo, 4.0-10.0 
wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % 
of Ru, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 0.1 
wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 

[0033] Moreover, the Ni-based single crystal super alloy of the present invention is characterized by 
a2.1toreq.0.999al when the lattice constant of the matrix is taken to be al and the lattice constant of the 
precipitation phase is taken to be a2 in the Ni-based single crystal super alloys previously described. 

[0034] According to this Ni-based single crystal super alloy, the relationship between al and a2 is such 
that a2.1toreq.0.999al when the lattice constant of the matrix is taken to be al and the lattice constant of 
the precipitation phase is taken to be a2, and since the lattice constant a2 of the precipitation phase is - 
0.1% or less of the lattice constant al of the matrix, the precipitation phase that precipitates in the matrix 
precipitates so as to extend continuously in the direction perpendicular to the direction of the load. As a 
result, strength at high temperatures can be enhanced without dislocation defects moving within the 
alloy structure under stress. 

[0035] In this case, it is more preferable that the lattice constant of the crystals of the precipitation phase 
a2 is 0.9965 or less of the lattice constant of the crystals of the matrix al 

[0036] Furthermore, the Ni-based single crystal super alloy of the present invention is characterized by 
comprising the feature that the dislocation space of the alloy is 40 nm or less. 

BRIEF DESCRIPTION OF DRAWINGS 

[0037] FIG. 1 is a diagram showing a relationship between change of lattice misfit of the alloy and creep 
rupture life of the alloy. 

[0038] FIG. 2 is a diagram showing a relationship between dislocation space of the alloy and creep 
rupture life of the alloy. 

[0039] FIG. 3 is a transmission electron microgram of the Ni-based single crystal super alloy showing 
an embodiment of the dislocation networks and dislocation space of the Ni-based single crystal super 
alloy of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0040] The following provides a detailed explanation for carrying out the present invention. 

[0041] The Ni-based single crystal super alloy of the present invention is an alloy comprised of Al, Ta, 
Mo, W, Re, Hf, Cr, Co, Ru, Ni (remainder) and unavoidable impurities. 

[0042] The above Ni-based single crystal super alloy is an alloy having a composition comprising 5.0- 
7 0 wt % of Al, 4.0-10.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0- 
0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of Ru, with the remainder 
consisting of Ni and unavoidable impurities. 

[0043] In addition, the above Ni-based single crystal super alloy is an alloy having a composition 
comprising 5.0-7.0 wt % of Al, 4.0-6.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt 
% of Re 0-0 50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of Ru, with the 
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remainder consisting of Ni and unavoidable impurities. 

|"0044] Moreover, the above Ni-based single crystal super alloy is an alloy having a composition 
comprising 5.0-7.0 wt % of Al, 4.0-6.0 wt % of Ta, 2.9-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt 
% of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of Ru, with the 
remainder consisting of Ni and unavoidable impurities. 

[0045] All of the above alloys have an austenite phase in the form of a .gamma, phase (matrix) and an 
intermediate regular phase in the form of a .gamma.' phase (precipitation phase) that is dispersed and 
precipitated in the matrix. The .gamma.' phase is mainly composed of an intermetallic compound 
represented by Ni.sub.3Al, and the strength of the Ni-based single crystal super alloy at high 
temperatures is improved by this .gamma.' phase. 

[0046] Cr is an element that has superior oxidation resistance and improves the high-temperature 
corrosion resistance of the Ni-based single crystal super alloy. The composite ratio of Cr is preferably 
within the range of 2.0 wt % or more to 5.0 wt % or less, and more preferably 2.9 wt %. This ratio is 
more preferably within the range of 2.9 wt % or more to 5.0 wt % or less, more preferably within the 
range of 2.9 wt % or more to 4.3 wt % or less, and most preferably 2.9 wt %. If the composite ratio of Cr 
is less than 2.0 wt %, the desired high-temperature corrosion resistance cannot be secured, thereby 
making this undesirable. If the composite ratio of Cr exceeds 5.0 wt %, in addition to precipitation of 
the .gamma.' phase being inhibited, harmful phases such as a .sigma. phase or .mu. phase form that 
cause a decrease in strength at high temperatures, thereby making this undesirable. 

[0047] In addition to improving strength at high temperatures by dissolving into the matrix in the form 
of the .gamma, phase in the presence of W and Ta, Mo also improves strength at high temperatures due 
to precipitation hardening. Furthermore, Mo also improves the aftermentioned lattice misfit and 
dislocation networks of the alloy which relate characteristics of this alloy. 

[0048] The composite ratio of Mo is preferably within the range of 1.1 wt % or more to 4.5 wt % or less, 
more preferably within the range of 2.9 wt % or more to 4.5 wt % or less. This ratio is more preferably 
within the range of 3.1 wt % or more to 4.5 wt % or less, more preferably within the range of 3.3 wt % 
or more to 4.5 wt % or less, and most preferably 3.1 wt % or 3.9 wt %. If the composite ratio of Mo is 
less than 1 . 1 wt %, strength at high temperatures cannot be maintained at the desired level, thereby 
making this undesirable. If the composite ratio of Mo exceeds 4.5 wt %, strength at high temperatures 
decreases, and corrosion resistance at high temperatures also decreases, thereby making this undesirable. 



[0049] W improves strength at high temperatures due to the actions of solution hardening and 
precipitation hardening in the presence of Mo and Ta as previously mentioned. The composite ratio of 
W is preferably within the range of 4.0 wt % or more to 10.0 wt % or less, and most preferably 5.9 wt °/ 
or 5.8 wt %. If the composite ratio of W is less than 4.0 wt %, strength at high temperatures cannot be 
maintained at the desired level, thereby making this undesirable. If the composite ratio of W exceeds 
10.0 wt %, high-temperature corrosion resistance decreases, thereby making this undesirable. 

[0050] Ta improves strength at high temperatures due to the actions of solution hardening and 
precipitation hardening in the presence of Mo and W as previously mentioned, and also improves 
strength at high temperatures as a result of a portion of the Ta undergoing precipitation hardening 
relative to the .gamma.' phase. The composite ratio of Ta is preferably within the range of 4.0 wt % or 
more to 10.0 wt % or less, more preferably within the range of 4.0 wt % or more to 6.0 wt % or less. 
This ratio is more preferably within the range of 4.0 wt % or more to 5.6 wt % or less, and most 
preferably 5.6 wt % or 5.82 wt %. If the composite ratio of Ta is less than 4.0 wt %, strength at high 
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temperatures cannot be maintained at the desired level, thereby making this undesirable. If the 
composite ratio of Ta exceeds 10.0 wt %, the .sigma. phase and .mu. phase form that cause a decrease in 
strength at high temperatures, thereby making this undesirable. 

[0051] Al improves strength at high temperatures by compounding with Ni to form an intermetallic 
compound represented by Ni.sub.3 Al, which composes the .gamma.' phase that finely and uniformly 
disperses and precipitates in the matrix, at a ratio of 60-70% in terms of volume percent. The composite 
ratio of Al is preferably within the range of 5.0 wt % or more to 7.0 wt % or less. This ratio is more 
preferably within the range of 5.8 wt % or more to 7.0 wt % or less, and most preferably 5.9 wt % or 5.8 
wt %. If the composite ratio of Al is less than 5.0 wt %, the precipitated amount of the .gamma.' phase 
becomes insufficient, and strength at high temperatures cannot be maintained at the desired level, 
thereby making this undesirable. If the composite ratio of Al exceeds 7.0 wt %, a large amount of a 
coarse .gamma, phase referred to as the eutectic .gamma.' phase is formed, and this eutectic .gamma.' 
phase prevents solution treatment and makes it impossible to maintain strength at high temperatures at a 
high level, thereby making this undesirable. 

[0052] Hf is an element that segregates at the grain boundary and improves strength at high temperatures 
by strengthening the grain boundary as a result of being segregated at the grain boundary between 
the .gamma, phase and the .gamma.' phase. The composite ratio of Hf is preferably within the range of 
0.01 wt % or more to 0.50 wt % or less, and most preferably 0.10 wt %. If the composite ratio of Hf is 
less than 0.01 wt %, the precipitated amount of the .gamma.' phase becomes insufficient and strength at 
high temperatures cannot be maintained at the desired level, thereby making this undesirable. However, 
the composite ratio of Hf may be within the range of 0 wt % or more to less than 0.01 wt %, if 
necessary. Furthermore, if the composite ratio of Hf exceeds 0.50 wt %, local melting is induced which 
results in the risk of decreased strength at high temperatures, thereby making this undesirable. 

[0053] Co improves strength at high temperatures by increasing the solution limit at high temperatures 
relative to the matrix such as Al and Ta, and dispersing and precipitating a fine .gamma.' phase by heat 
treatment. The composite ratio of Co is preferably within the range of 0.1 wt % or more to 9.9 wt % or 
less, and most preferably 5.8 wt %. If the composite ratio of Co is less than 0.1 wt %, the precipitated 
amount of the .gamma.' phase becomes insufficient and the strength at high temperatures cannot be 
maintained, thereby making this undesirable. However, the composite ratio of Co may be within the 
range of 0 wt % or more to less than 0.1 wt %, if necessary. Furthermore, if the composite ratio of Co 
exceeds 9.9 wt %, the balance with other elements such as Al, Ta, Mo, W, Hf and Cr is disturbed 
resulting in the precipitation of harmful phases that cause a decrease in strength at high temperatures, 
thereby making this undesirable. 

[0054] Re improves strength at high temperatures due to solution strengthening as a result of dissolving 
in the matrix in the form of the .gamma, phase. On the other hand, if a large amount of Re is added, the 
harmful TCP phase precipitates at high temperatures, resulting in the risk of decreased strength at high 
temperatures. Thus, the composite ratio of Re is preferably within the range of 3.1 wt % or more to 8.0 
wt % or less, and most preferably 4.9 wt %. If the composite ratio of Re is less than 3.1 wt %, solution 
strengthening of the .gamma, phase becomes insufficient and strength at high temperatures cannot be 
maintained at the desired level, thereby making this undesirable. If the composite ratio of Re exceeds 8.0 
wt %, the TCP phase precipitates at high temperatures and strength at high temperatures cannot be 
maintained at a high level, thereby making this undesirable. 

[0055] Ru improves strength at high temperatures by inhibiting precipitation of the TCP phase. The 
composite ratio of Ru is preferably within the range of 4.1 wt % or more to 14.0 wt % or less. This ratio 
is more preferably within the range of 10.0 wt % or more to 14.0 wt % or less, or preferably within the 
range of 6.5 wt % or more to 14.0 wt % or less, and most preferably 5.0 wt %, 6.0 wt % or 7.0 wt %. If 
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the composite ratio of Ru is less than 1.0 wt %, the TCP phase precipitates at high temperatures and 
strength at high temperatures cannot be maintained at a high level, thereby making this undesirable. If 
the composite ratio of Ru is less than 4.1 wt %, strength at high temperatures decreases compared to the 
case when the composite ratio of Ru is 4.1 wt % or more. Furthermore, if the composite ratio of Ru 
exceeds 14.0 wt %, the .epsilon. phase precipitates and strength at high temperatures decreases which is 
also undesirable. 

[0056] Particularly in the present invention, by adjusting the composite ratios of Al, Ta, Mo, W, Hf, Cr, 
Co and Ni to the optimum ratios, together with improving strength at high temperatures by setting the 
aftermentioned lattice misfit and dislocation networks of the alloy which are calculated from the lattice 
constant of the .gamma, phase and the lattice constant of the .gamma.' phase within their optimum 
ranges and precipitation of the TCP phase can be inhibited by adding Ru. Furthermore, by adjusting the 
composite ratios of Al, Cr, Ta and Mo to the aforementioned ratios, the production cost for the alloy can 
be decreased. In addition, relative strength of the alloy can be increased and the lattice misfit and 
dislocation networks of the alloy can be adjusted to the optimum value. 

[0057] In addition, in usage environments at high temperatures from 1273 K (lOOO.degree. C.) to 1373K 
(1 lOO.degree. C), when the lattice constant of the crystals that compose the matrix in the form of 
the gamma, phase is taken to be al, and the lattice constant of the crystals that compose the 
precipitation phase in the form of the .gamma.' phase is taken to be a2, then the relationship between al 
and a2 is preferably such that a2.1toreq.0.999al . Namely, lattice constant a2 of the crystals of the 
precipitation phase is preferably -0.1% or less lattice constant al of the crystals of the matrix. 
Furthermore, it is more preferable that the lattice constant of the crystals of the precipitation phase a2 is 
0.9965 or less of the lattice constant of the crystals of the matrix al. In this case, the above-described 
relationship between al and a2 becomes a2.1toreq.0.9965al. In the following descriptions, the 
percentage of the lattice constant a2 relative to the lattice constant al is called "lattice misfit". 

[0058] In addition, in the case both of the lattice constants are in the above relationship, since the 
precipitation phase precipitates so as to extend continuously in the direction perpendicular to the 
direction of the load when the precipitation phase precipitates in the matrix due to heat treatment, creep 
strength can be enhanced without movement of dislocation defects in the alloy structure in the presence 
of stress. 

[0059] In order to make the relationship between lattice constant al and lattice constant a2 such that 
a2.1toreq.0.999al, the composition of the composite elements that compose the Ni-based single crystal 
super alloy is suitably adjusted. 

[0060] FIG. 1 shows a relationship between the lattice misfit of the alloy and the time until the alloy 
demonstrates creep rupture (creep rupture life). 

[0061] In FIG. 1, when the lattice misfit is approximately -0.35 or lower, the creep rupture life is 
approximately higher than the required value (the value shown by a dotted line in a vertical axis of the 
figure). Therefore, in the present invention, the preferable value of the lattice misfit is determined to - 
0 35 or lower. In order to maintain the lattice misfit to -0.35 or lower, the composition of Mo is 
maintained to a high level, and the composition of the other composite elements is suitably adjusted. 

[0062] According to the above Ni-based super crystal super alloy, precipitation of the TCP phase, which 
causes decreased creep strength, during use at high temperatures is inhibited by addition of Ru. In 
addition by setting the composite ratios of other composite elements to their optimum ranges, the lattice 
constant of the matrix (.gamma, phase) and the lattice constant of the precipitation phase (.gamma.' 
phase) can be made to have optimum values. As a result, creep strength at high temperatures can be 
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improved. 

[0063] Ti can be further included in the above Ni-based super crystal super alloy. The composite ratio of 
Ta is preferably within the range of 0 wt % or more to 2.0 wt % or less. If the composite ratio of Ti 
exceeds 2.0 wt %, the harmful phase precipitates and the strength at high temperatures cannot be 
maintained, thereby making this undesirable. 

[0064] Furthermore, Nb can be further included in the above Ni-based super crystal super alloy. The 
composite ratio of Nb is preferably within the range of 0 wt % or more to 4.0 wt % or less. If the 
composite ratio of Nb exceeds 4.0 wt %, the harmful phase precipitates and the strength at high 
temperatures cannot be maintained, thereby making this undesirable. 

[0065] Alternatively, strength at high temperatures can be improved by adjusting the total composite 
ratio of Ta, Nb and Ti (Ta+Nb+Ti) within the range of 4.0 wt % or more to 10.0 wt % or less. 

[0066] Furthermore, in addition to the unavoidable impurities, B, C, Si, Y, La, Ce, V and Zr and the like 
can be included in the above Ni-based super crystal super alloy, for example. When the alloy includes at 
least one of elements selected from B, C, Si, Y, La, Ce, V and Zr, the composite ratio of each element is 
preferably 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 
0.1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. If the 
composite ratio of each element exceeds the above range, the harmful phase precipitates and the strength 
at high temperatures cannot be maintained, thereby making this undesirable. 

[0067] furthermore, in the above Ni-based single crystal super alloy, it is preferable that a dislocation 
space of the alloy is 40 nm or less. The reticulated dislocation (displacement of atoms which are 
connected as a line) in the alloy is called dislocation networks, and a space between adjacent 
reticulations is called "dislocation space". FIG. 2 shows a relationship between the dislocation space of 
the alloy and the time until the alloy demonstrates creep rupture (creep rupture life). 

[0068] In FIG. 2, when the dislocation space is approximately 40 nm or lower, the creep rupture life is 
approximately higher than the required value (the value shown by a dotted line in a vertical axis of the 
figure). Therefore, in the present invention, the preferable value of the dislocation space is determined to 
40 nm or lower. In order to maintain the dislocation space to 40 nm or lower, the composition of Mo is 
maintained to a high level, and the composition of the other composite elements is suitably adjusted. 

[0069] FIG. 3 is a transmission electron microgram of the Ni-based single crystal super alloy showing 
an embodiment (aftermentioned embodiment 3) of the dislocation networks and dislocation space of the 
Ni-based single crystal super alloy of the present invention. As shown in FIG. 3, in case of the Ni-based 
single crystal super alloy of the present invention, the dislocation space is 40 nm or lower. 

[0070] In addition, some of the conventional Ni-based single crystal super alloys may cause reverse 
partitioning, however, in Ni-based single crystal super alloy of the present invention does not cause 
reverse partitioning. 

EMBODIMENTS 

[0071] The effect of the present invention is shown using following embodiments. 

[0072] Melts of various Ni-based single crystal super alloys were prepared using a vacuum melting 
furnace and alloy ingots were cast using the alloy melts. The composite ratio of each of the alloy mgots 
(reference examples 1-6, embodiments 1-14) is shown in Table 2. TABLE-US-00002 TABLE 2 Sample 
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(alloy Elements (wt %) name) Al Ta Nb Mo W Re Hf Cr Co Ru Ni Reference 6.0 5.8 3.2 6.0 5.0 0.1 3.0 

6 0 2 0 Rem Example 1 Reference 5.9 5.7 3.2 5.9 5.0 0.1 3.0 5.9 3.0 Rem Example 2 Reference 6.0 6.0 

4 0 6 0 5 0 0 1 3.0 6.0 3.0 Rem Example 3 Reference 5.9 5.9 4.0 5.9 5.0 0.1 3.0 5.9 4.0 Rem Example 4 
Reference 5.9 5.7 3.1 5.9 4.9 0.1 2.9 5.9 4.0 Rem Example 5 Reference 5.7 5.7 2.9 7.7 4.8 0.1 2.9 5.7 

3 0 Rem Example 6 Embodi- 5.9 5.9 3.9 5.9 4.9 0.1 2.9 5.9 5.0 Rem ment 1 Embodi- 5.8 5.6 3.1 5.8 4.9 
0 1 2 9 5 8 5 0 Rem ment 2 Embodi- 5.8 5.8 3.9 5.8 4.9 0.1 2.9 5.8 6.0 Rem ment 3 Embodi- 5.6 5.6 2.8 

5 6 6 9 0 1 2 9 5.6 5.0 Rem ment 4 Embodi- 5.6 5.0 0.5 2.8 5.6 6.9 0.1 2.9 5.6 5.0 Rem ment 5 Embodi- 
5 6 5 6 1 0 2.8 5.6 4.7 0.1 2.9 5.6 5.0 Rem ment 6 Embodi- 5.8 5.6 3.9 5.8 4.9 0.1 2.9 5.8 6.0 Rem ment 

7 Embodi- 5.7 5.5 1.0 3.8 5.7 4.8 0.1 2.8 5.5 5.9 Rem ment 8 Embodi- 5.8 5.6 3.1 6.0 5.0 0.1 2.9 5.8 4.6 
Rem ment 9 Embodi- 5.8 5.6 3.1 6.0 5.0 0.1 2.9 5.8 5.2 Rem ment 10 Embodi- 5.8 5.6 3.3 6.0 5.0 0.1 

2 9 5 8 5 2 Rem ment 1 1 Embodi- 5.8 5.6 3.3 6.0 5.0 0.1 2.9 5.8 6.0 Rem ment 12 Embodi- 5.9 2.9 1.5 
3'.9 5.9 4.9 0.1 2.9 5.9 6.1 Rem ment 13 Embodi- 5.7 5.52 3.1 5.7 4.8 0.1 2.9 5.7 7.0 Rem ment 14 

[0073] Next, solution treatment and aging treatment were performed on the alloy ingots followed by 
observation of the state of the alloy structure with a scanning electron microscope (SEM). Solution 
treatment consisted of holding for 1 hour at 1573K (1300.degree. C.) followed by heating to 1613K 
(1340.degree. C.) and holding for 5 hours. In addition, aging treatment consisted of consecutively 
performing primary aging treatment consisting of holding for 4 hours at 1273K-1423K (lOOO.degree. 
C.-l 150.degree. C.) and secondary aging treatment consisting of holding for 20 hours at 1 143K 
(870.degree. C). 

[0074] As a result, a TCP phase was unable to be confirmed in the structure of each sample. 

[0075] Next, a creep test was performed on each sample that underwent solution treatment and aging 
treatment. The creep test consisted of measuring the time until each sample (reference examples 1-6 and 
embodiments 1-14) demonstrated creep rupture as the sample life under each of the temperature and 
stress conditions shown in Table 3. Furthermore, the value of the lattice misfit of each sample was also 
measured, and the result thereof is disclosed in Table 3. In addition, the value of the lattice misfit of each 
of the conventional alloys shown in Table 1 (comparative examples 1-5) was also measured, and the 
result thereof is disclosed in Table 4. TABLE-US-00003 TABLE 3 Creep test conditions/ rupture life 
(h) 1273 K 1373 K Sample (lOOO.degree. C.) (1 lOO.degree. C.) Lattice (alloy name) 245 MPa 137 MPa 
Misfit Reference Example 1 209.35 105.67 -0.39 Reference Example 2 283.20 158.75 -0.40 Reference 
Example 3 219 37 135.85 -0.56 Reference Example 4 274.38 153.15 -0.58 Reference Example 5 328.00 
487 75 -0 58 Reference Example 6 203.15 -0.41 Embodiment 1 5.09.95 32.6.50 -0.60 Embodiment 2 
420.60 753.95 -0.42 Embodiment 3 1062.50 -0.62 Embodiment 4 966.00 -0.44 Embodiment 5 1256.00 - 
0 48 Embodiment 6 400.00 -0.45 Embodiment 7 1254.00 -0.60 Embodiment 8 682.00 -0.63 
Embodiment 9 550.00 -0.42 Embodiment 10 658.50 -0.45 Embodiment 11 622.00 -0.48 Embodiment 12 
683.50 -0.51 Embodiment 13 412.7 766.35 -0.62 Embodiment 14 1524.00 -0.45 

[0076] TABLE-US-00004 TABLE 4 Sample (alloy name) Lattice Misfit Comparative Example 1 
(CMSX-2) -0.36 Comparative Example 2 (CMSX-4) -0.14 Comparative Example 3 (ReneN6) -0.22 
Comparative Example 4 (CMSX-10K) -0.14 Comparative Example 5 (3B) -0.25 

[0077] As is clear from Table 3, the samples of the reference examples 1-6 and embodiments 1-14 were 
determined to have high strength even under high temperature conditions of 1273K (lOOO.degree. C). In 
particular, reference example 5 having a composition of 4.0 wt % of Ru, embodiments 1, 2, 4, 9, 10 and 
1 1 having a composition approximately 5.0 wt % of Ru, embodiments 3, 12 and 13 having a 
composition of 6.0 wt % of Ru, and embodiment 14 having a composition of 7.0 wt % of Ru, were 
determined to have high strength at high temperature. 

[0078] Furthermore, as is clear from Tables 3 and 4, the lattice misfit of comparative examples were - 



http://appft.uspto.gov/netacgi/nph-Parser?Sectl=PTOl&Sect2=HITOFF&d=PG01&p=l&u... 2/2/2010 



United States Patent Application: 006001 1271 



Page 14 of 14 



0.35 and more, whereas those of reference examples 1-6 and embodiments 1-14 were -0.35 or less. 

[0079] In addition, the creep rupture characteristics (withstand temperature) were compared for the 
alloys of the prior art shown in Table 1 (Comparative Examples 1 through 5) and the sample shown in 
Table 2 (reference examples 1-6 and embodiments 1-14). The result thereof is disclosed in Table 5. 
Creep rupture characteristics were determined either as a result of measuring the temperature until the 
sample ruptured under conditions of applying stress of 137 MPa for 1000 hours, or converting the 
rupture temperature of the sample under those conditions. TABLE-US-00005 TABLE 5 Sample (alloy 
name) Withstand temperature (.degree. C.) Reference Example 1 1315 K (1042.degree. C.) Reference 
Example 2 1325 K (1052.degree. C.) Reference Example 3 1321 K (1048.degree. C.) Reference 
Example 4 1324 K (1051. degree. C.) Reference Example 5 1354 K (1081.degree. C.) Reference 
Example 6 1332 K (1059.degree. C.) Embodiment 1 1344 K (1071.degree. C.) Embodiment 2 1366 K 
(1093.degree. C.) Embodiment 3 1375 K (1102.degree. C.) Embodiment 4 1372 K (1099.degree. C.) 
Embodiment 5 1379 K (1 106.degree. C.) Embodiment 6 1379 K (1 106.degree. C.) Embodiment 7 1379 
K (1 106.degree. C.) Embodiment 8 1363 K (1090.degree. C.) Embodiment 9 1358 K (1085.degree. C.) 
Embodiment 10 1362 K (1089.degree. C.) Embodiment 11 1361 K (1088.degree. C.) Embodiment 12 
1363 K (1090.degree. C.) Embodiment 13 1366 K (1093.degree. C.) Embodiment 14 1384 K 
(11 11. degree. C.) Comparative Example 1 (CMSX-2) 1289 K (1016.degree. C.) Comparative Example 2 
(CMSX-4) 1306 K (1033.degree. C.) Comparative Example 3 (ReneN6) 1320 K (1047.degree. C.) 
Comparative Example 4 (CMSX-10K) 1345 K (1072.degree. C.) Comparative Example 5 (3B) 1353 K 
(1080.degree. C.) (Converted to 137 MPa, 1000 hours) 

[0080] As is clear from Table 5, the samples of reference examples 1-6 and embodiments 1-14 were 
determined to have a high withstand temperature (1356K (1083.degree. C.)) equal to or greater than the 
alloys of the prior art (comparative Examples 1-5). In particular, samples of reference examples 1-6 and 
embodiments 1-14 were determined to have a high withstand temperature (embodiment 1 : 1344K 
(1071.degree. C), embodiment 2: 1366K (1093.degree. C), embodiment 3: 1375K (1102.degree. C), 
embodiment 4: 1372K (1099.degree. C), embodiment 5: 1379K (1 106.degree. C), embodiment 6: 
1379K (1106.degree. C), embodiment 7: 1379K (1106.degree. C), embodiment 8: 1363K (1090.degree. 
C), embodiment 9: 1358K (1085.degree. C), embodiment 10: 1362K (1089.degree. C), embodiment 
ll:'l361K(1088.degree. C), embodiment 12: 1363K (1090.degree. C), embodiment 13: 1366K 
(1093.degree. C.) and embodiment 14: 1384K (llll.degree. C). 

[0081] Thus, this alloy has a higher heat resistance temperature than Ni-based single crystal super alloys 
of the prior art, and was determined to have high strength even at high temperatures. 

[0082] Furthermore, in the Ni-based single crystal super alloy, if the composite ratio of Ru excessively 
increases, the .epsilon. phase precipitates and strength at high temperatures deceases. Therefore, the 
composite ratio of Ru is preferably be determined to a range so as to keep the balance against the 
composition of the other composite elements is suitably adjusted (4.1 wt % or more to 14.0 wt % or less, 
for example). 
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Claims 



1 An Ni-based single crystal super alloy having a composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 
wt % of Ta, 1. 1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt 
% of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of Ru in terms of its weight ratio, with the remainder 
consisting of Ni and unavoidable impurities. 

2 An Ni-based single crystal super alloy having a composition comprising 5.0-7.0 wt % of Al, 4.0-6.0 
wt% of Ta, 1.1-4.5 wt% of Mo, 4.0-10.0 wt % ofW, 3.1-8.0 wt% of Re, 0-0.50 wt% of Hf, 2.0-5.0 wt 
% of Cr, 0-9.9 wt % of Co, and 4.1-14.0 wt % of Ru in terms of weight ratio, with the remainder 
consisting of Ni and unavoidable impurities. 

3 An Ni-based single crystal super alloy having a composition comprising 5.0-7.0 wt % of Al, 4.0-6.0 
wt % of Ta, 2.9-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt 
% of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of Ru in terms of weight ratio, with the remainder 
consisting of Ni and unavoidable impurities. 

4 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.9 wt 
% of Al, 5.9 wt % of Ta, 3.9 wt % of Mo, 5.9 wt % of W, 4.9 wt % of Re, 0.10 wt % of Hf, 2.9 wt % of 
Cr, 5.9 wt % of Co and 5.0 wt % of Ru in terms of weight ratio, with the remainder consisting of Ni and 
unavoidable impurities. 

5 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.8 wt 
% of Al, 5.6 wt% of Ta, 3.1 wt% of Mo, 5.8 wt% ofW, 4.9 wt% of Re, 0.10 wt% ofHf, 2.9 wt% of 
Cr, 5.8 wt % of Co and 5.0 wt % of Ru in terms of weight ratio, with the remainder consisting of Ni and 
unavoidable impurities. 

6 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.8 wt 
% of Al, 5.8 wt % of Ta, 3.9 wt % of Mo, 5.8 wt % of W, 4.9 wt % of Re, 0. 10 wt % of Hf, 2.9 wt % of 
Cr, 5.8 wt % of Co and 6.0 wt % of Ru in terms of weight ratio, with the remainder consisting of Ni and 
unavoidable impurities. 

7. An Ni-based single crystal super alloy according to claim 1 further comprising 0-2.0 wt % of Ti in 
terms of weight ratio. 

8. An Ni-based single crystal super alloy according to claim 1 further comprising 0-4.0 wt % of Nb in 
terms of weight ratio. 

9. An Ni-based single crystal super alloy according to claim 1 further comprising at least one of 
elements selected from B, C, Si, Y, La, Ce, V and Zr. 
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10. An Ni-based single crystal super alloy according to claim 9 having a composition comprising 0.05 
wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % or less of Si, 0. 1 wt % or less of Y, 0. 1 wt % or less 
of La, 0. 1 wt % or less of Ce, 1 wt % or less of V and 0. 1 wt % or less of Zr in terms of weight ratio. 

1 1 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt% of Al, 4.0-10.0 wt% of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt% of W, 3.1-8.0 wt% of Re, 0-0.50 
wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 10.0-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt 
% or less of Ti, 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % or less of Si, 0. 1 wt % or less of 
Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V and 0. 1 wt % or less of Zr. 

12 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.8-7.0 
wt % of Al, 4.0-5.6 wt % of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt 
% of Hf, 2.9-4.3 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt % or 
less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 

0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V and 0. 1 wt % or less of Zr. 

13. An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt % of Al, 4.0-10.0 wt % of Ta, 1.1-4.5 wt% of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 
wt % of Hf, 2.9-5.0 wt % of Cr, 0-9.9 wt % of Co, 6.5-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt 
% or less of Ti, 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % or less of Si, 0. 1 wt % or less of 
Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V and 0. 1 wt % or less of Zr. 

14 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt% of Al, 4.0-6.0 wt% of Ta, 3.3-4.5 wt% of Mo, 4.0-10.0 wt% ofW, 3.1-8.0 wt% of Re, 0-0.50 wt 
% of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt % or 
less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 

0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V and 0. 1 wt % or less of Zr. 

15 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt % of Al 4 0-5.6 wt % of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt 
% of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt % or 
less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 

0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V and 0. 1 wt % or less of Zr. 

16. An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt % of Al 4.0-10.0 wt % of Ta, 3. 1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 
wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt 
% or less of Ti, 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % or less of Si, 0. 1 wt % or less of 
Y, 0.1 wt % or'less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. 

17 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.8-7.0 
wt% of Al, 4.0-10.0 wt% of Ta, 3.1-4.5 wt% of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0-0.50 
wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt 
% or less of Ti, 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % or less of Si, 0. 1 wt % or less of 
Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V and 0. 1 wt % or less of Zr. 

18 An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt% of Al, 4.0-10.0 wt% of Ta, 3.1-4.5 wt% of Mo, 4.0-10.0 wt% of W, 3.1-8.0 wt% of Re, 0-0.50 
wt % of Hf, 2.9-4.3 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 4.0 wt % or less of Nb, 2.0 wt 
% or less of Ti, 0.05 wt % or less of B, 0. 15 wt % or less of C, 0. 1 wt % or less of Si, 0. 1 wt % or less of 
Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V and 0. 1 wt % or less of Zr. 
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19. An Ni-based single crystal super alloy according to claim 1 having a composition comprising 5.0-7.0 
wt% of Al, 4.0-10.0 wt% of Ta+Nb+Ti, 3.3-4.5 wt% of Mo, 4.0-10.0 wt% of W, 3.1-8.0 wt% of Re, 
0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 0.05 wt % or less of B, 
0. 1 5 wt % or less of C, 0. 1 wt % or less of Si, 0. 1 wt % or less of Y, 0. 1 wt % or less of La, 0. 1 wt % or 
less of Ce, 1 wt % or less of V and 0. 1 wt % or less of Zr. 

20. An Ni-based single crystal super alloy according to claim 1 wherein, when lattice constant of matrix 
is taken to be al and lattice constant of precipitation phase is taken to be a2, a2.1toreq.0.999al. 

21. An Ni-based single crystal super alloy according to claim 20 wherein the lattice constant of the 
precipitation phase a2 is 0.9965 or less of the lattice constant of the matrix al. 

22. An Ni-based single crystal super alloy, wherein lattice constant of its precipitation phase a2 is 
0.9965 or less of lattice constant of its matrix al, and having a composition including Re and Ru, and 
2.9-4.5 wt% of Mo. 

23. An Ni-based single crystal super alloy, wherein lattice constant of its precipitation phase a2 is 
0.9965 or less of lattice constant of its matrix al, and having a composition including 2.9-4.5 wt % of 
Mo, 3.1-8.0 wt % of Re and 4.1-14.0 wt % of Ru. 

24. An Ni-based single crystal super alloy according to claim 1 wherein a dislocation space of the alloy 
is 40 nm or less. 

Description 



TECHNICAL FIELD 

[0001] The present invention relates to a Ni-based single crystal super alloy, and more particularly, to a 
technology employed for improving the creep characteristics of Ni-based single crystal super alloy. 

BACKGROUND ART 

[0002] An example of the typical composition of Ni-based single crystal super alloy developed for use 
as a material for moving and stationary blades subject to high temperatures such as those in aircraft and 
gas turbines is shown in Table 1. TABLE-US-00001 TABLE 1 Alloy Elements (wt %) name Al Ti Ta 

Nb Mo W Re C Zr Hf Cr Co Ru Ni CMSX-2 6.0 1.0 6.0 - 1.0 8.0 8.0 5.0 - Rem CMSX-4 5.6 

1 0 6 5 - 0 6 6.0 3.0 6.5 9.0 - Rem ReneN6 6.0 - 7.0 0.3 1.0 6.0 5.0 - - 0.2 4.0 13.0 - Rem 

CMSX-10K 5.7 0.3 8.4 0.1 0.4 5.5 6.3 - -- 0.03 2.3 3.3 - Rem 3B 5.7 0.5 8.0 -- -- 5.5 6.0 0.05 - 0.15 
5.0 12.5 3.0 Rem 

[0003] In the above-mentioned Ni-based single crystal super alloys, after performing solution treatment 
at a prescribed temperature, aging treatment is performed to obtain an Ni-based single crystal super 
alloy. This alloy is referred to as a so-called precipitation hardened alloy, and has a from in which the 
precipitation phase in the form of a .gamma.' phase is precipitated in a matrix in the form of a .gamma, 
phase. 

[0004] Among the alloys listed in Table 1, CMSX-2 (Cannon-Muskegon, U.S. Pat. No. 4,582,548) is a 
first-generation alloy, CMSX-4 (Cannon-Muskegon, U.S. Pat. No. 4,643,782) is a second-generation 
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alloy, ReneN6 (General Electric, U.S. Pat. No. 5,455,120) and CMSX-10K (Canon-Muskegon, U.S. Pat. 
No. 5,366,695) are third-generation alloys, and 3B (General Electric, U.S. Pat. No. 5,151,249) is a 
fourth-generation alloy. 

[0005] Although the above-mentioned CMSX-2, which is a first-generation alloy, and CMSX-4, which 
is a second-generation alloy, have comparable creep strength at low temperatures, since a large amount 
of the eutectic .gamma.' phase remains following high-temperature solution treatment, their creep 
strength is inferior to third-generation alloys. 

[0006] In addition, although the third-generation alloys of ReneN6 and CMSX-10 are alloys designed to 
have improved creep strength at high temperatures in comparison with second-generation alloys, since 
the composite ratio of Re (5 wt % or more) exceeds the amount of Re that dissolves into the matrix 
(.gamma, phase), the excess Re compounds with other elements and as a result, a so-called TCP 
(topological^ close packed) phase precipitates at high temperatures causing the problem of decreased 
creep strength. 

[0007] In addition, making the lattice constant of the precipitation phase (.gamma.' phase) slightly 
smaller than the lattice constant of the matrix (.gamma, phase) is effective in improving the creep 
strength of Ni -based single crystal super alloys. However, since the lattice constant of each phase 
fluctuates greatly fluctuated according to the composite ratios of the composite elements of the alloy, it 
is difficult to make fine adjustments in the lattice constant and as a result, there is the problem of 
considerable difficulty in improving creep strength. 

[0008] In consideration of the above circumstances, the object of the present invention is to provide a 
Ni-based single crystal super alloy that makes it possible to improve strength by preventing precipitation 
of the TCP phase at high temperatures. 

DISCLOSURE OF INVENTION 

[0009] The following constitution is employed in the present invention in order to achieve the above 
object. 

[0010] The Ni-based single crystal super alloy of the present invention is characterized by having a 
composition comprising 5.0-7.0 wt% of Al, 4.0-10.0 wt% of Ta, 1.1-4.5 wt% of Mo, 4.0-10.0 wt% of 
W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of 
Ru in terms of its weight ratio, with the remainder consisting of Ni and unavoidable impurities. 

[001 1] In addition, the Ni-based single crystal super alloy of the present invention is characterized by 
having a composition comprising 5.0-7.0 wt % of Al, 4.0-6.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 
wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, and 4.1-14.0 
wt % of Rii in terms of weight ratio, with the remainder consisting of Ni and unavoidable impurities. 

[0012] In addition the Ni-based single crystal super alloy of the present invention is characterized by 
having a composition comprising 5.0-7.0 wt % of Al, 4.0-6.0 wt % of Ta, 2.9-4.5 wt % of Mo, 4.0-10.0 
wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co and 4.1-14.0 
wt % of Ru in terms of weight ratio, with the remainder consisting of Ni and unavoidable impurities. 

[0013] According to the above Ni-based single crystal super alloy, precipitation of the TCP phase, 
which causes a decrease in creep strength, during use at high temperatures is inhibited by the addition of 
Ru. In addition, by setting the composite ratios of other composite elements within their optimum 
ranges, the lattice constant of the matrix (.gamma, phase) and the lattice constant of the precipitation 
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phase (.gamma.' phase) can be made to have optimum values. Consequently, strength at high 
temperatures can be enhanced. Furthermore, since the composition of Ru is 4. 1-14.0 wt %, precipitation 
of the TCP phase, which causes a decrease in creep strength, during use at high temperatures, is 
inhibited. 

[0014] In addition, the Ni-based single crystal super alloy of the present invention is preferably having a 
composition comprising 5.9 wt % of Al, 5.9 wt % of Ta, 3.9 wt % of Mo, 5.9 wt % of W, 4.9 wt % of 
Re, 0. 10 wt % of Hf, 2.9 wt % of Cr, 5.9 wt % of Co and 5.0 wt % of Ru in terms of weight ratio, with 
the remainder consisting of Ni and unavoidable impurities, in the Ni-based single crystal super alloys 
previously described. 

[0015] According to an Ni-based single crystal super alloy having this composition, the creep endurance 
temperature at 137 MPa and 1000 hours can be made to be 1344 K (1071.degree. C). 

[0016] In addition, the Ni-based single crystal super alloy of the present invention is preferably having a 
composition comprising 5.8 wt % of Co, 2.9 wt % of Cr, 3.1 wt % of Mo, 5.8 wt % of W, 5.8 wt % of 
Al, 5.6 wt % of Ta, 5.0 wt % of Ru, 4.9 wt % of Re and 0.10 wt % of Hf in terms of weight ratio, with 
the remainder consisting of Ni and unavoidable impurities, in the Ni-based single crystal super alloys 
previously described. 

[0017] According to an Ni-based single crystal super alloy having this composition, the creep endurance 
temperature at 137 MPa and 1000 hours can be made to be 1366 K (1093. degree. C). 

[0018] In addition, the Ni-based single crystal super alloy of the present invention is preferably having a 
composition comprising 5.8 wt % of Co, 2.9 wt % of Cr, 3.9 wt % of Mo, 5.8 wt % of W, 5.8 wt % of 
Al, 5.8 wt % (5.82 wt %) or 5.6 wt % of Ta, 6.0 wt % of Ru, 4.9 wt % of, Re and 0. 10 wt % of Hf in 
terms of weight ratio, with the remainder consisting of Ni and unavoidable impurities, in the Ni-based 
single crystal super alloys previously described. 

[0019] According to an Ni-based single crustal super alloy having this composition, the creep endurance 
temperature at 137 MPa and 1000 hours can be made to be 1375 K (1 102.degree. C.) or 1379 K 
(1106.degree. C). 

[0020] Furthermore, 0-2.0 wt % of Ti in terms of weight ratio can be included in the Ni-based single 
crystal super alloys previously described. 

[0021] Furthermore, 0-4.0 wt % of Nb in terms of weight ratio can be included in the Ni-based single 
crystal alloys previously described. 

[0022] Furthermore, at least one of elements selected from B, C, Si, Y, La, Ce, V and Zr can be included 
in the Ni-based single crystal super alloys previously described. 

[0023] In this case, it is preferable that 0.05 wt % or less of B, 0. 15 wt % or less of C, 0. 1 wt % or less 
of Si, 0. 1 wt % or less of Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V and 0. 1 
wt %' or less of Zr in terms of weight ratio are included in the alloys. 

[0024] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 10.0-14.0 wt % of Ru, 
4.6 wt % or less of Nb,' 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0. 15 wt % or less of C, 0. 1 wt % 
or less of Si, 0. 1 wt % or less of Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V 
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and 0. 1 wt % or less of Zr. 

[0025] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.8-7.0 wt % of Al, 4.0-5.6 wt % of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 1-8 0 wt % of Re 0-0.50 wt % of Hf, 2.9-4.3 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4 6 wt % or less of Nb,' 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % 
or less of Si, 0. 1 wt % or less of Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V 
and 0. 1 wt % or less of Zr. 

[0026] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 1-8 0 wt % of Re, 0-0.50 wt % of Hf, 2.9-5.0 wt % of Cr, 0-9.9 wt % of Co, 6.5-14.0 wt % of Ru, 
4 6 wt % or less of Nb,' 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0. 15 wt % or less of C, 0.1 wt % 
or less of Si, 0. 1 wt % or less of Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V 
and 0. 1 wt % or less of Zr. 

[0027] Furthermore the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-6.0 wt % of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 1-8 0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4 6 wt % or less of Nb, 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % 
or less of Si, 0. 1 wt % or less of Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V 
and 0. 1 wt % or less of Zr. 

[0028] Furthermore the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-5.6 wt% of Ta, 3.3-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 l-80wt%ofRe 0-0.50 wt % of Hf, 2.0-5.0 wt% of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt% of Ru, 
4 6 wt % or less of Nb, 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % 
or less of Si, 0. 1 wt % or less of Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V 
and 0. 1 wt % or less of Zr. 

[0029] Furthermore the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt % of Ta, 3.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 1-8 0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4 6 wt % or less of Nb' 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % or less of Si, 0. 1 wt % 
or less of Y, 0. 1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0. 1 wt % or less of 
Zr. 

T0030] Furthermore, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.8-7.0 wt % of Al, 4.0-10.0 wt % of Ta, 3.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 1-8 0 wt % of Re 0-0 50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4 6 wt % or less of Nb' 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % 
or less of Si, 0. 1 wt % or less of Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V 
and 0. 1 wt % or less of Zr. 

[0031] Furthermore the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt% of Ta, 3.1-4.5 wt % of Mo, 4.0-10.0 wt % of 
W 3 1-8 0 wt % of Re, 0-0.50 wt % of Hf, 2.9-4.3 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % of Ru, 
4 6 wt % or less of Nb, 2.0 wt % or less of Ti, 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % 
or less of Si, 0. 1 wt % or less of Y, 0. 1 wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V 
and 0. 1 wt % or less of Zr. 
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[0032] In addition, the above described Ni-based single crystal super alloy is more preferably having a 
composition comprising 5.0-7.0 wt % of Al, 4.0-10.0 wt % of Ta+Nb+Ti, 3.3-4.5 wt % of Mo, 4.0-10.0 
wt % of W, 3.1-8.0 wt % of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co, 4.1-14.0 wt % 
of Ru, 0.05 wt % or less of B, 0. 1 5 wt % or less of C, 0. 1 wt % or less of Si, 0. 1 wt % or less of Y, 0. 1 
wt % or less of La, 0. 1 wt % or less of Ce, 1 wt % or less of V and 0. 1 wt % or less of Zr. 

[0033] Moreover, the Ni-based single crystal super alloy of the present invention is characterized by 
a2.1toreq.0.999al when the lattice constant of the matrix is taken to be al and the lattice constant of the 
precipitation phase is taken to be a2 in the Ni-based single crystal super alloys previously described. 

[0034] According to this Ni-based single crystal super alloy, the relationship between al and a2 is such 
that a2.1toreq.0.999al when the lattice constant of the matrix is taken to be al and the lattice constant of 
the precipitation phase is taken to be a2, and since the lattice constant a2 of the precipitation phase is - 
0.1% or less of the lattice constant al of the matrix, the precipitation phase that precipitates in the matrix 
precipitates so as to extend continuously in the direction perpendicular to the direction of the load. As a 
result, strength at high temperatures can be enhanced without dislocation defects moving within the 
alloy structure under stress. 

[0035] In this case, it is more preferable that the lattice constant of the crystals of the precipitation phase 
a2 is 0.9965 or less of the lattice constant of the crystals of the matrix al 

[0036] Furthermore, the Ni-based single crystal super alloy of the present invention is characterized by 
comprising the feature that the dislocation space of the alloy is 40 nm or less. 

BRIEF DESCRIPTION OF DRAWINGS 

[0037] FIG. 1 is a diagram showing a relationship between change of lattice misfit of the alloy and creep 
rupture life of the alloy. 

[0038] FIG. 2 is a diagram showing a relationship between dislocation space of the alloy and creep 
rupture life of the alloy. 

[0039] FIG. 3 is a transmission electron microgram of the Ni-based single crystal super alloy showing 
an embodiment of the dislocation networks and dislocation space of the Ni-based single crystal super 
alloy of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0040] The following provides a detailed explanation for carrying out the present invention. 

[0041] The Ni-based single crystal super alloy of the present invention is an alloy comprised of Al, Ta, 
Mo, W, Re, Hf, Cr, Co, Ru, Ni (remainder) and unavoidable impurities. 

[0042] The above Ni-based single crystal super alloy is an alloy having a composition comprising 5.0- 
7 0 wt % of Al, 4.0-10.0 wt % of Ta, 1.1-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt % of Re, 0- 
0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of Ru, with the remainder 
consisting of Ni and unavoidable impurities. 

[0043] In addition, the above Ni-based single crystal super alloy is an alloy having a composition 
comprising 5 0-7 0 wt% of Al, 4.0-6.0 wt% of Ta, 1.1-4.5 wt% of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt 
% of Re 0-0 50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of Ru, with the 
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remainder consisting of Ni and unavoidable impurities. 

[0044] Moreover, the above Ni-based single crystal super alloy is an alloy having a composition 
comprising 5.0-7.0 wt % of Al, 4.0-6.0 wt % of Ta, 2.9-4.5 wt % of Mo, 4.0-10.0 wt % of W, 3.1-8.0 wt 
% of Re, 0-0.50 wt % of Hf, 2.0-5.0 wt % of Cr, 0-9.9 wt % of Co and 4.1-14.0 wt % of Ru, with the 
remainder consisting of Ni and unavoidable impurities. 

[0045] All of the above alloys have an austenite phase in the form of a .gamma, phase (matrix) and an 
intermediate regular phase in the form of a .gamma.' phase (precipitation phase) that is dispersed and 
precipitated in the matrix. The .gamma.' phase is mainly composed of an intermetallic compound 
represented by Ni.sub.3 Al, and the strength of the Ni-based single crystal super alloy at high 
temperatures is improved by this .gamma.' phase. 

[0046] Cr is an element that has superior oxidation resistance and improves the high-temperature 
corrosion resistance of the Ni-based single crystal super alloy. The composite ratio of Cr is preferably 
within the range of 2.0 wt % or more to 5.0 wt % or less, and more preferably 2.9 wt %. This ratio is 
more preferably within the range of 2.9 wt % or more to 5.0 wt % or less, more preferably within the 
range of 2.9 wt % or more to 4.3 wt % or less, and most preferably 2.9 wt %. If the composite ratio of Cr 
is less than 2.0 wt %, the desired high-temperature corrosion resistance cannot be secured, thereby 
making this undesirable. If the composite ratio of Cr exceeds 5.0 wt %, in addition to precipitation of 
the .gamma.' phase being inhibited, harmful phases such as a .sigma. phase or .mu. phase form that 
cause a decrease in strength at high temperatures, thereby making this undesirable. 

[0047] In addition to improving strength at high temperatures by dissolving into the matrix in the form 
of the .gamma, phase in the presence of W and Ta, Mo also improves strength at high temperatures due 
to precipitation hardening. Furthermore, Mo also improves the aftermentioned lattice misfit and 
dislocation networks of the alloy which relate characteristics of this alloy. 

[0048] The composite ratio of Mo is preferably within the range of 1. 1 wt % or more to 4.5 wt % or less, 
more preferably within the range of 2.9 wt % or more to 4.5 wt % or less. This ratio is more preferably 
within the range of 3 . 1 wt % or more to 4.5 wt % or less, more preferably within the range of 3 . 3 wt % 
or more to 4.5 wt % or less, and most preferably 3.1 wt% or 3.9 wt %. If the composite ratio of Mo is 
less than 1 . 1 wt %, strength at high temperatures cannot be maintained at the desired level, thereby 
making this undesirable. If the composite ratio of Mo exceeds 4.5 wt %, strength at high temperatures 
decreases, and corrosion resistance at high temperatures also decreases, thereby making this undesirable. 



[0049] W improves strength at high temperatures due to the actions of solution hardening and 
precipitation hardening in the presence of Mo and Ta as previously mentioned. The composite ratio of 
W is preferably within the range of 4.0 wt % or more to 10.0 wt % or less, and most preferably 5.9 wt % 
or 5.8 wt %. If the composite ratio of W is less than 4.0 wt %, strength at high temperatures cannot be 
maintained at the desired level, thereby making this undesirable. If the composite ratio of W exceeds 
10.0 wt %, high-temperature corrosion resistance decreases, thereby making this undesirable. 

[0050] Ta improves strength at high temperatures due to the actions of solution hardening and 
precipitation hardening in the presence of Mo and W as previously mentioned, and also improves 
strength at high temperatures as a result of a portion of the Ta undergoing precipitation hardening 
relative to the .gamma.' phase. The composite ratio of Ta is preferably within the range of 4.0 wt % or 
more to 10.0 wt % or less, more preferably within the range of 4.0 wt % or more to 6.0 wt % or less. 
This ratio is more preferably within the range of 4.0 wt % or more to 5.6 wt % or less, and most 
preferably 5.6 wt % or 5.82 wt %. If the composite ratio of Ta is less than 4.0 wt %, strength at high 



http://appft.uspto.gov/netacgi/nph-Parser?Sectl=PTOl&Sect2=HITOFF&d=PG01&p=l&... 12/2/2009 



United States Patent Application: 0060011271 



Page 10 of 14 



temperatures cannot be maintained at the desired level, thereby making this undesirable. If the 
composite ratio of Ta exceeds 10.0 wt %, the .sigma. phase and .mu. phase form that cause a decrease in 
strength at high temperatures, thereby making this undesirable. 

[0051] Al improves strength at high temperatures by compounding with Ni to form an intermetallic 
compound represented by Ni.sub.3Al, which composes the .gamma.' phase that finely and uniformly 
disperses and precipitates in the matrix, at a ratio of 60-70% in terms of volume percent. The composite 
ratio of Al is preferably within the range of 5.0 wt % or more to 7.0 wt % or less. This ratio is more 
preferably within the range of 5.8 wt % or more to 7.0 wt % or less, and most preferably 5.9 wt % or 5.8 
wt %. If the composite ratio of Al is less than 5.0 wt %, the precipitated amount of the .gamma.' phase 
becomes insufficient, and strength at high temperatures cannot be maintained at the desired level, 
thereby making this undesirable. If the composite ratio of Al exceeds 7.0 wt %, a large amount of a 
coarse .gamma, phase referred to as the eutectic .gamma.' phase is formed, and this eutectic .gamma.' 
phase prevents solution treatment and makes it impossible to maintain strength at high temperatures at a 
high level, thereby making this undesirable. 

[0052] Hf is an element that segregates at the grain boundary and improves strength at high temperatures 
by strengthening the grain boundary as a result of being segregated at the grain boundary between 
the .gamma, phase and the .gamma.' phase. The composite ratio of Hf is preferably within the range of 
0.01 wt % or more to 0.50 wt % or less, and most preferably 0. 10 wt %. If the composite ratio of Hf is 
less than 0.01 wt %, the precipitated amount of the .gamma.' phase becomes insufficient and strength at 
high temperatures cannot be maintained at the desired level, thereby making this undesirable. However, 
the composite ratio of Hf may be within the range of 0 wt % or more to less than 0.01 wt %, if 
necessary. Furthermore, if the composite ratio of Hf exceeds 0.50 wt %, local melting is induced which 
results in the risk of decreased strength at high temperatures, thereby making this undesirable. 

[0053] Co improves strength at high temperatures by increasing the solution limit at high temperatures 
relative to the matrix such as Al and Ta, and dispersing and precipitating a fine .gamma.' phase by heat 
treatment. The composite ratio of Co is preferably within the range of 0. 1 wt % or more to 9.9 wt % or 
less, and most preferably 5.8 wt %. If the composite ratio of Co is less than 0.1 wt %, the precipitated 
amount of the .gamma.' phase becomes insufficient and the strength at high temperatures cannot be 
maintained, thereby making this undesirable. However, the composite ratio of Co may be within the 
range of 0 wt % or more to less than 0. 1 wt %, if necessary. Furthermore, if the composite ratio of Co 
exceeds 9.9 wt %, the balance with other elements such as Al, Ta, Mo, W, Hf and Cr is disturbed 
resulting in the precipitation of harmful phases that cause a decrease in strength at high temperatures, 
thereby making this undesirable. 

[0054] Re improves strength at high temperatures due to solution strengthening as a result of dissolving 
in the matrix in the form of the .gamma, phase. On the other hand, if a large amount of Re is added, the 
harmful TCP phase precipitates at high temperatures, resulting in the risk of decreased strength at high 
temperatures. Thus, the composite ratio of Re is preferably within the range of 3.1 wt % or more to 8.0 
wt % or less, and most preferably 4.9 wt %. If the composite ratio of Re is less than 3.1 wt %, solution 
strengthening of the .gamma, phase becomes insufficient and strength at high temperatures cannot be 
maintained at the desired level, thereby making this undesirable. If the composite ratio of Re exceeds 8 .0 
wt %, the TCP phase precipitates at high temperatures and strength at high temperatures cannot be 
maintained at a high level, thereby making this undesirable. 

[0055] Ru improves strength at high temperatures by inhibiting precipitation of the TCP phase. The 
composite ratio of Ru is preferably within the range of 4.1 wt % or more to 14.0 wt % or less. This ratio 
is more preferably within the range of 10.0 wt % or more to 14.0 wt % or less, or preferably within the 
range of 6.5 wt % or more to 14.0 wt % or less, and most preferably 5.0 wt %, 6.0 wt % or 7.0 wt %. If 
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the composite ratio of Ru is less than 1.0 wt %, the TCP phase precipitates at high temperatures and 
strength at high temperatures cannot be maintained at a high level, thereby making this undesirable. If 
the composite ratio of Ru is less than 4. 1 wt %, strength at high temperatures decreases compared to the 
case when the composite ratio of Ru is 4.1 wt % or more. Furthermore, if the composite ratio of Ru 
exceeds 14.0 wt %, the .epsilon. phase precipitates and strength at high temperatures decreases which is 
also undesirable. 

[0056] Particularly in the present invention, by adjusting the composite ratios of Al, Ta, Mo, W, Hf, Cr, 
Co and Ni to the optimum ratios, together with improving strength at high temperatures by setting the 
aftermentioned lattice misfit and dislocation networks of the alloy which are calculated from the lattice 
constant of the .gamma, phase and the lattice constant of the .gamma.' phase within their optimum 
ranges, and precipitation of the TCP phase can be inhibited by adding Ru. Furthermore, by adjusting the 
composite ratios of Al, Cr, Ta and Mo to the aforementioned ratios, the production cost for the alloy can 
be decreased. In addition, relative strength of the alloy can be increased and the lattice misfit and 
dislocation networks of the alloy can be adjusted to the optimum value. 

[0057] In addition, in usage environments at high temperatures from 1273 K (lOOO.degree. C.) to 1373K 
(1 lOO.degree. C), when the lattice constant of the crystals that compose the matrix in the form of 
the .gamma, phase is taken to be al, and the lattice constant of the crystals that compose the 
precipitation phase in the form of the .gamma.' phase is taken to be a2, then the relationship between al 
and a2 is preferably such that a2.1toreq.0.999al. Namely, lattice constant a2 of the crystals of the 
precipitation phase is preferably -0.1% or less lattice constant al of the crystals of the matrix. 
Furthermore, it is more preferable that the lattice constant of the crystals of the precipitation phase a2 is 
0.9965 or less of the lattice constant of the crystals of the matrix al. In this case, the above-described 
relationship between al and a2 becomes a2.1toreq.0.9965al . In the following descriptions, the 
percentage of the lattice constant a2 relative to the lattice constant al is called "lattice misfit". 

[0058] In addition, in the case both of the lattice constants are in the above relationship, since the 
precipitation phase precipitates so as to extend continuously in the direction perpendicular to the 
direction of the load when the precipitation phase precipitates in the matrix due to heat treatment, creep 
strength can be enhanced without movement of dislocation defects in the alloy structure in the presence 
of stress. 

[0059] In order to make the relationship between lattice constant al and lattice constant a2 such that 
a2.1toreq.0.999al, the composition of the composite elements that compose the Ni -based single crystal 
super alloy is suitably adjusted. 

[0060] FIG. 1 shows a relationship between the lattice misfit of the alloy and the time until the alloy 
demonstrates creep rupture (creep rupture life). 

[0061] In FIG. 1, when the lattice misfit is approximately -0.35 or lower, the creep rupture life is 
approximately higher than the required value (the value shown by a dotted line in a vertical axis of the 
figure). Therefore, in the present invention, the preferable value of the lattice misfit is determined to - 
0.35 or lower. In order to maintain the lattice misfit to -0.35 or lower, the composition of Mo is 
maintained to a high level, and the composition of the other composite elements is suitably adjusted. 

[0062] According to the above Ni-based super crystal super alloy, precipitation of the TCP phase, which 
causes decreased creep strength, during use at high temperatures is inhibited by addition of Ru. In 
addition, by setting the composite ratios of other composite elements to their optimum ranges, the lattice 
constant of the matrix (.gamma, phase) and the lattice constant of the precipitation phase (gamma.' 
phase) can be made to have optimum values. As a result, creep strength at high temperatures can be 
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improved. 

[0063] Ti can be further included in the above Ni-based super crystal super alloy. The composite ratio of 
Ta is preferably within the range of 0 wt % or more to 2.0 wt % or less. If the composite ratio of Ti 
exceeds 2.0 wt %, the harmful phase precipitates and the strength at high temperatures cannot be 
maintained, thereby making this undesirable. 

[0064] Furthermore, Nb can be further included in the above Ni-based super crystal super alloy. The 
composite ratio of Nb is preferably within the range of 0 wt % or more to 4.0 wt % or less. If the 
composite ratio of Nb exceeds 4.0 wt %, the harmful phase precipitates and the strength at high 
temperatures cannot be maintained, thereby making this undesirable. 

[0065] Alternatively, strength at high temperatures can be improved by adjusting the total composite 
ratio of Ta, Nb and Ti (Ta+Nb+Ti) within the range of 4.0 wt % or more to 10.0 wt % or less. 

[0066] Furthermore, in addition to the unavoidable impurities, B, C, Si, Y, La, Ce, V and Zr and the like 
can be included in the above Ni-based super crystal super alloy, for example. When the alloy includes at 
least one of elements selected from B, C, Si, Y, La, Ce, V and Zr, the composite ratio of each element is 
preferably 0.05 wt % or less of B, 0.15 wt % or less of C, 0.1 wt % or less of Si, 0.1 wt % or less of Y, 
0 1 wt % or less of La, 0.1 wt % or less of Ce, 1 wt % or less of V and 0.1 wt % or less of Zr. If the 
composite ratio of each element exceeds the above range, the harmful phase precipitates and the strength 
at high temperatures cannot be maintained, thereby making this undesirable. 

[0067] furthermore, in the above Ni-based single crystal super alloy, it is preferable that a dislocation 
space of the alloy is 40 nm or less. The reticulated dislocation (displacement of atoms which are 
connected as a line) in the alloy is called dislocation networks, and a space between adjacent 
reticulations is called "dislocation space". FIG. 2 shows a relationship between the dislocation space of 
the alloy and the time until the alloy demonstrates creep rupture (creep rupture life). 

[0068] In FIG. 2, when the dislocation space is approximately 40 nm or lower, the creep rupture life is 
approximately higher than the required value (the value shown by a dotted line in a vertical axis of the 
figure). Therefore, in the present invention, the preferable value of the dislocation space is determined to 
40 nm or lower. In order to maintain the dislocation space to 40 nm or lower, the composition of Mo is 
maintained to a high level, and the composition of the other composite elements is suitably adjusted. 

[0069] FIG. 3 is a transmission electron microgram of the Ni-based single crystal super alloy showing 
an embodiment (aftermentioned embodiment 3) of the dislocation networks and dislocation space of the 
Ni-based single crystal super alloy of the present invention. As shown in FIG. 3, in case of the Ni -based 
single crystal super alloy of the present invention, the dislocation space is 40 nm or lower. 

[0070] In addition, some of the conventional Ni-based single crystal super alloys may cause reverse 
partitioning, however, in Ni-based single crystal super alloy of the present invention does not cause 
reverse partitioning. 

EMBODIMENTS 

[0071] The effect of the present invention is shown using following embodiments. 

[0072] Melts of various Ni-based single crystal super alloys were prepared using a vacuum melting 
furnace and alloy ingots were cast using the alloy melts. The composite ratio of each of the alloy ingots 
(reference examples 1-6, embodiments 1-14) is shown in Table 2. TABLE-US-00002 TABLE 2 Sample 
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(alloy Elements (wt %) name) Al Ta Nb Mo W Re Hf Cr Co Ru Ni Reference 6.0 5.8 3.2 6.0 5.0 0. 1 3.0 

6 0 2 0 Rem Example 1 Reference 5.9 5.7 3.2 5.9 5.0 0.1 3.0 5.9 3.0 Rem Example 2 Reference 6.0 6.0 

4 0 6 0 5 0 0 1 3 0 6 0 3.0 Rem Example 3 Reference 5.9 5.9 4.0 5.9 5.0 0.1 3.0 5.9 4.0 Rem Example 4 
Reference 5 9 5 7 3.1 5.9 4.9 0.1 2.9 5.9 4.0 Rem Example 5 Reference 5.7 5.7 2.9 7.7 4.8 0.1 2.9 5.7 

3 0 Rem Example 6 Embodi- 5.9 5.9 3.9 5.9 4.9 0.1 2.9 5.9 5.0 Rem ment 1 Embodi- 5.8 5.6 3.1 5.8 4.9 
0 1 2 9 5 8 5 0 Rem ment 2 Embodi- 5.8 5.8 3.9 5.8 4.9 0.1 2.9 5.8 6.0 Rem ment 3 Embodi- 5.6 5.6 2.8 

5 6 6 9 0 1 2 9 5 6 5 0 Rem ment 4 Embodi- 5.6 5.0 0.5 2.8 5.6 6.9 0.1 2.9 5.6 5.0 Rem ment 5 Embodi- 
5 6 5 6 1 0 2 8 5 6 4 7 0.1 2.9 5.6 5.0 Rem ment 6 Embodi- 5.8 5.6 3.9 5.8 4.9 0.1 2.9 5.8 6.0 Rem ment 

7 Embodi- 5 7 5 5 1 0 3 8 5.7 4.8 0.1 2.8 5.5 5.9 Rem ment 8 Embodi- 5.8 5.6 3.1 6.0 5.0 0.1 2.9 5.8 4.6 
Rem ment 9 Embodi- 5.8 5.6 3.1 6.0 5.0 0.1 2.9 5.8 5.2 Rem ment 10 Embodi- 5.8 5.6 3.3 6.0 5 0 0 1 

2 9 5 8 5 2 Rem ment 11 Embodi- 5.8 5.6 3.3 6.0 5.0 0.1 2.9 5.8 6.0 Rem ment 12 Embodi- 5.9 2.9 1.5 
3'.9 5'9 4.9 0.1 2.9 5.9 6.1 Rem ment 13 Embodi- 5.7 5.52 3.1 5.7 4.8 0.1 2.9 5.7 7.0 Rem ment 14 

[0073] Next solution treatment and aging treatment were performed on the alloy ingots followed by 
observation 'of the state of the alloy structure with a scanning electron microscope (SEM). Solution 
treatment consisted of holding for 1 hour at 1573K (1300.degree. C.) followed by heating to 1613K 
(1340 degree C ) and holding for 5 hours. In addition, aging treatment consisted of consecutively 
performing primary aging treatment consisting of holding for 4 hours at 1273K-1423K (lOOO.degree. 
C.-l 150.degree. C.) and secondary aging treatment consisting of holding for 20 hours at 1 143K 
(870.degree. C). 

[0074] As a result, a TCP phase was unable to be confirmed in the structure of each sample. 

[0075] Next a creep test was performed on each sample that underwent solution treatment and aging 
treatment The creep test consisted of measuring the time until each sample (reference examples 1-6 and 
embodiments 1-14) demonstrated creep rupture as the sample life under each of the temperature and 
stress conditions shown in Table 3. Furthermore, the value of the lattice misfit of each sample was also 
measured and the result thereof is disclosed in Table 3. In addition, the value of the lattice misfit of each 
of the conventional alloys shown in Table 1 (comparative examples 1-5) was also measured, and the 
result thereof is disclosed in Table 4. TABLE-US-00003 TABLE 3 Creep test conditions/ rupture life 
(h) 1273 K 1373 K Sample (lOOO.degree. C.) (HOO.degree. C.) Lattice (alloy name) 245 MPa 137 MPa 
Misfit Reference Example 1 209.35 105.67 -0.39 Reference Example 2 283.20 158.75 -0.40 Reference 
Example 3 219 37 135 85 -0.56 Reference Example 4 274.38 153.15 -0.58 Reference Example 5 328.00 
487 75 -0 58 Reference Example 6 203.15 -0.41 Embodiment 1 5.09.95 32.6.50 -0.60 Embodiment 2 
420 60 753 95 -0 42 Embodiment 3 1062.50 -0.62 Embodiment 4 966.00 -0.44 Embodiment 5 1256.00 - 
0 48 Embodiment 6 400.00 -0.45 Embodiment 7 1254.00 -0.60 Embodiment 8 682.00 -0.63 
Embodiment 9 550.00 -0.42 Embodiment 10 658.50 -0.45 Embodiment 11 622.00 -0.48 Embodiment 12 
683.50 -0.51 Embodiment 13 412.7 766.35 -0.62 Embodiment 14 1524.00 -0.45 

[0076] TABLE-US-00004 TABLE 4 Sample (alloy name) Lattice Misfit Comparative Example 1 
(CMSX-2) -0 36 Comparative Example 2 (CMSX-4) -0.14 Comparative Example 3 (ReneN6) -0.22 
Comparative Example 4 (CMSX-10K) -0.14 Comparative Example 5 (3B) -0.25 

[0077] As is clear from Table 3, the samples of the reference examples 1-6 and embodiments 1-14 were 
determined to have high strength even under high temperature conditions of 1273K (lOOO.degree. C). In 
particular reference example 5 having a composition of 4.0 wt % of Ru, embodiments 1, 2, 4, 9, 10 and 
1 1 having a composition approximately 5.0 wt % of Ru, embodiments 3, 12 and 13 having a 
composition of 6.0 wt % of Ru, and embodiment 14 having a composition of 7.0 wt % of Ru, were 
determined to have high strength at high temperature. 

[0078] Furthermore, as is clear from Tables 3 and 4, the lattice misfit of comparative examples were - 



http://appft.uspto.gov/netacgi/nph-Parser?Sectl=PTOl&Sect2=HITOFF&d=PG01&p=l&... 12/2/2009 



United States Patent Application: 006001 1271 



Page 14 of 14 



0.35 and more, whereas those of reference examples 1-6 and embodiments 1-14 were -0.35 or less. 

[0079] In addition, the creep rupture characteristics (withstand temperature) were compared for the 
alloys of the prior art shown in Table 1 (Comparative Examples 1 through 5) and the sample shown in 
Table 2 (reference examples 1-6 and embodiments 1-14). The result thereof is disclosed in Table 5. 
Creep rupture characteristics were determined either as a result of measuring the temperature until the 
sample ruptured under conditions of applying stress of 137 MPa for 1000 hours, or converting the 
rupture temperature of the sample under those conditions. TABLE-US-00005 TABLE 5 Sample (alloy 
name) Withstand temperature (.degree. C.) Reference Example 1 1315 K (1042.degree. C.) Reference 
Example 2 1325 K (1052.degree. C.) Reference Example 3 1321 K (1048.degree. C.) Reference 
Example 4 1324 K (1051.degree. C.) Reference Example 5 1354 K (1081. degree. C.) Reference 
Example 6 1332 K (1059.degree. C.) Embodiment 1 1344 K (1071. degree. C.) Embodiment 2 1366 K 
(1093 degree. C.) Embodiment 3 1375 K (1 102.degree. C.) Embodiment 4 1372 K (1099.degree. C.) 
Embodiment 5 1379 K (1 106.degree. C.) Embodiment 6 1379 K (1 106.degree. C.) Embodiment 7 1379 
K (1106.degree. C.) Embodiment 8 1363 K (1090.degree. C.) Embodiment 9 1358 K (1085.degree. C.) 
Embodiment 10 1362 K (1089.degree. C.) Embodiment 1 1 1361 K (1088.degree. C.) Embodiment 12 
1363 K (1090 degree. C.) Embodiment 13 1366 K (1093.degree. C.) Embodiment 14 1384 K 
(1 1 1 l.degree. C.) Comparative Example 1 (CMSX-2) 1289 K (1016.degree. C.) Comparative Example 2 
(CMSX-4) 1306 K (1033.degree. C.) Comparative Example 3 (ReneN6) 1320 K (1047.degree. C.) 
Comparative Example 4 (CMSX-10K) 1345 K (1072 degree. C.) Comparative Example 5 (3B) 1353 K 
(1080.degree. C.) (Converted to 137 MPa, 1000 hours) 

[0080] As is clear from Table 5, the samples of reference examples 1-6 and embodiments 1-14 were 
determined to have a high withstand temperature (1356K (1083.degree. C.)) equal to or greater than the 
alloys of the prior art (comparative Examples 1-5). In particular, samples of reference examples 1-6 and 
embodiments 1-14 were determined to have a high withstand temperature (embodiment 1: 1344K 
(1071. degree. C), embodiment 2: 1366K (1093.degree. C), embodiment 3: 1375K (1102.degree. C), 
embodiment 4: 1372K (1099.degree. C), embodiment 5: 1379K (1106.degree. C), embodiment 6: 
1379K (1106.degree. C), embodiment 7: 1379K (1106.degree. C), embodiment 8: 1363K (1090.degree. 
C), embodiment 9: 1358K (1085.degree. C), embodiment 10: 1362K (1089.degree. C), embodiment 
ll:'l361K (1088.degree. C), embodiment 12: 1363K (1090.degree. C), embodiment 13: 1366K 
(1093.degree. C.) and embodiment 14: 1384K (111 l.degree. C). 

[0081] Thus, this alloy has a higher heat resistance temperature than Ni -based single crystal super alloys 
of the prior art, and was determined to have high strength even at high temperatures. 

[0082] Furthermore, in the Ni -based single crystal super alloy, if the composite ratio of Ru excessively 
increases, the .epsilon. phase precipitates and strength at high temperatures deceases. Therefore, the 
composite ratio of Ru is preferably be determined to a range so as to keep the balance against the 
composition of the other composite elements is suitably adjusted (4. 1 wt % or more to 14.0 wt % or less, 
for example). 
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